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ABSTRACT 


All  of  the  infrared  absorption  bands  of  N.,0  that  are  sufficiently  intense 
to  absorb  significantly  in  the  earth's  atmosphere  are  summarized,,  The 
information  required  to  calculate  the  positions  of  most  of  the  absorption 
lines  is  tabulated  along  with  the  intensities  of  the  band  systems.  The 
required  data  on  line  positions  that  are  not  yet  available  are  pointed 
out.  Spectral  plots  of  transmittance  and  of  the  absorption  coefficient 
are  included  for  several  bands  between  530  and  760  cm“^  and  between  1585 
and  4000  cm 
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SECTION  1 

BACKGROUND 


INTRODUCTION  AND  SUMMARY 

Nitrous  oxide  is  a  permanent  constituent  of  the  atmosphere  with  a  con¬ 
centration  between  0.1  and  0.3  parts  per  million  in  the  troposphere. 

Several  infrared  absorption  bands  of  this  gas  have  been  observed  in 
atmospheric  spectra.  The  work  reported  here  has  been  directed  toward 
the  eventual  tabulation  of  all  N20  absorption  lines  sufficiently  intense 
to  provide  significant  absorption  over  a  straight-line  path  tangent  to 
the  earth's  surface  and  extending  from  above  the  atmosphere  down  to  the 
surface  and  back  up  to  the  top  of  the  atmosphere.  Section  2  contains  two 
extensive  tables;  one  gives  the  intensities  of  the  band  systems  and  the 
other  lists  the  constants  required  to  calculate  the  positions  of  most  of 
the  lines  of  interest.  These  tables  summarize  the  results  of  an  experi¬ 
mental  investigation  performed  recently  in  our  laboratory  as  well  as  the 
results  of  several  previous  studies.  The  emphasis  of  the  present  investi¬ 
gation  has  been  on  the  determination  of  the  intensities  of  band  systems 
and  the  relative  intensities  of  separate  bands  within  each  system.  Several 
bands  not  reported  previously  have  been  observed  and  their  intensities 
have  been  measured. 


Section  3  contains  detailed  results  from  the  absorption  bands  between 
approximately  1585  and  4000  cm"1,  and  Section  4  provides  similar  informa¬ 
tion  on  the  bands  between  530  and  760  cm-1.  The^region  between  760  and 
1600  cm-1  has  been  covered  in  a  previous  report.  The  results  include 
spectral  curves  of  transmittance  and  of  the  absorption  coefficient. 
Individual  lines  within  the  many  bands  can  be  seen  in  the  transmittance 
curves,  and  unusual  features  of  the  curves  are  discussed. 
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Appendix  A  contains  abstracts  and  errata  for  all  of  the  technical  reports 
published  previously  on  the  present  contract. 

DEFINITIONS,  SYMBOLS  AND  NOMENCLATURE 

The  absorber  thickness,  u,  of  a  gas  sample  is  given  by 

'i(rnolecules/cm  )  =  2.69  x  10  p*(atm)  L(cm)  (273 /o) 

=  7.34  x  1021  p*  L/e.  (1-1) 


The  temperature  0  is  in  degrees  Kelvin,  and  L  is  the  geometrical  path 
length  through  the  sample.  The  density-equivalent-pressure  p*  of  the 
absorbing  gas  approaches  its  pressure  p  at  low  pressures.  Because  of 
the  non-linear  relationship  between  the  density  and  the  pressure  of  a 
gas,  p*  may  differ  significantly  from  p  at  high  pressures.  For  the 
pressures  used  in  the  present  investigation,  the  following  expression 
is  sufficiently  accurate:  p*  =  p(l  +  c  p).  The  pressures  are  in  atm 
and,  near  room  temperature,  c  -  0.005  for  N20.  For  the  largest  NO 
samples  studied,  p*  is  only  approximately  5  percent  greater  than  p^  in 
many  of  the  samples,  the  difference  is  negligible.  The  partial  pressure 
of  N^O  is  always  denoted  by  p,  and  in  mixtures  of  ^0  plus  another  gas 
species,  usually  N2,  P  represents  the  total  pressure.  An  equivalent 
pressure  P  ,  which  is  proportional  to  the  half-widths  of  the  absorption 
lines,  is  defined  below. 

The  true  transmittance  that  would  be  observed  with  infinite  resolving 
power  is  given  by 

T«  =  exp  (-u/c),  or  (-1/u)JLt’  =  K,  (1-2) 


where  K  is  the  absorption  coefficient.  Because  of  the  finite  slitwidth 
of  a  spectrometer  and  variations  in  K  with  wavenumber  due  to  line  struc¬ 
ture,  the  observed  transmittance  T  may  differ  from  T*  at  the  same 
wavenumber.  The  quantity  T  represents  a  weighted  average  of  T1  over 
the  interval  passed  by  the  spectrometer. 


The  absorption  coefficient  due  to  a  single  collision-broadened  absorption 
line  at  a  point  within  a  few  cm”^  of  the  line  center,  V  ,  is  given  by  the 
Lorentz  shape:  0 


fj  a _ 

11  (v-vQ)2  +  a2 


(1-3) 


1-2 


Most  of  the  samples  in  the  present  study  were  at  sufficiently  high  pres¬ 
sures  that  collision  broadening  is  dominant.  At  pressures  less  than 
approximately  0.01  atm,  the  more  complex  Voigt  profile  is  appropriate. 
Ithas  been  shown1'2^  that  for  lv“vQl  greater  than  a  few  cm  *■,  the  Lorentz 
equation  is  not  correct;  however,  it  is  probably  adequate  for  most  of  the 
samples  and  spectral  regions  reported  here. 


Although  a  is  proportional  to  pressure,  the  line  intensity  is  essentially 
independent  of  pressure  for  the  conditions  of  the  present  study  and  is 
related  to  the  single-line  absorption  coefficient  by 


Sj  =  /  k  dv.  (1-4) 

In  many  reports  and  papers,  including  ones  published  previously  by  us,  S 

is  called  line  strength.  In  order  to  conform  with  the  majority  of  the  J 

workers  in  the  field,  we  will  hereafter  refer  to  Sj  as  the  intensity,  not 

the  strength.  The  term  Sv  refers  to  the  intensity  of  a  vibration-rotation 

band  which  contains  many  lines.  The  combined  intensity  of  a  system  .of 

bands  is  denoted  by  S  . 

sys 

If  essentially  all  of  the  absorption  in  a  given  spectral  region  results 
from  a  system  of  overlapping  bands,  we  see  from  Eq.  (1-2)  that 

Ssys  =  J"  K  dv  =  (_1/u)  /-^T'  dv.  (1-5) 

When  the  lines  are  sufficiently  broad  or  the  spectral  slitwidth  of  the 
instrument  is  sufficiently  narrow,  JJ^ T  dv^/.^T’  dv,  and  S  can  be 
determined  from  the  measured  quantity  (-l/u)//-~T  dv.  sys 

LINE  WIDTHS 

Equivalent  pressure  P£  given  by  the  following  equation  is  a  convenient 
parameter  when  dealing  with  N20  absorption  by  mixtures  of  N„0  in  N2  or 
in  air,  which  is  approximately  80%  N2:  ‘ 


=  Bp  +  pN  =  (B-l)  p  +  P, 


(1-6) 


where  p,  pN  ,  and  P  are  the  ^0  partial  pressure,  N2  partial  pressure,  and 

total  pressure,  respectively.  B  is  the  ratio  of  the  self-broadening  ability 
to  the  broadening  ability  of  N?.  We  note  that  P  approximates  P  for  dilute 


mixtures  of  N20  in  N2  (p«p 


N, 


). 
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We  have  used  a  technique  described  previously  to  measure  B  for  the 
2v i  band  of  N2O.  As  an  example,  a  spectral  curve  was  obtained  for  a 
sample  consisting  of  0.133  atm  of  pure  N^O  with  a  path  length  of  416  cm. 
The  path  length  was  then  adjusted  to  1648  cm  and  0.0336  atm  of  N„0  was 
introduced  to  the  cell  to  produce  the  same  absorber  thickness  as  in  the 
previous  sample.  The  sample  pressure  was  then  increased  by  adding  N  ; 
spectral  curves  were  scanned  with  the  sample  at  various  pressures,  ^At  a 
total  pressure  of  0,157  atm  the  absorption  was  essentially  the  same  as 
that  produced  by  the  0.133  atm  sample  of  pure  N20.  Since  the  absorber 
thickness  and  absorption  were  the  same  for  both  samples,  the  equivalent 
pressures  were  necessarily  the  same.  By  substituting  the  pressures  into 
Eq.  (l-6),  we  obtain  a  value  of  B  =  1.24  for  this  measurement. 

This  experiment  was  repeated  at  several  different  combinations  of  pres¬ 
sures  and  path  lengths.  Longer  paths  and  relatively  high  pressures 
provided  information  in  the  regions  of  minimum  absorption  between  the 
lines;  shorter  paths  and  lower  pressures  were  more  useful  near  the  line 
centers.  The  results  indicated  that 

B  =  1.24  +  0.06 

gives  the  best  fit  of  the  data  in  the  regions  between  the  lines  as  well 
as  near  the  line  centers.  Since  the  same  value  of  B  fits  both  regions, 
we  conclude  that  a  self-broadened  N2O  line  has  approximately  the  same 
shape  as  an  ^-broadened  line  over  the  region  from  its  center  out  to 
approximately  0.5  cm"  ,  the  distance  from  a  line  center  to  the  point  mid¬ 
way  between  it  and  the  adjacent  line. 

Approximately  the  same  N2  pressure  was  required  to  match  the  absorption 
by  the  sample  over  the  entire  region  from  the  P23  line  to  the  R40  line  of 
the  2v^  band,  indicating  that  the  same  value  of  B  applies  over  all  of 
this  region.  The  region  beyond  these  lines  showed  little  absorption  and 
was  not  investigated.  For  most  purposes  it  can  probably  be  assumed  that 
the  self-broadening  coefficient  is  independent  of  rotational  quantum  number 
J  and  is  the  same  for  all  N20  bands.  The  value  of  B  determined  by  the 
present  investigation  is  larger  than  the  value  (1.12  +  0.07)  reported  by 
Burch,  Singleton,  and  Williams,  The  more  recent  value,  1.24  +  0.06  is 
probably  more  reliable  because  of  improved  gas-handling  techniques.  The 
earlier  work  by  BSW  was  on  the  very  strong  and  V3  bands  for  which 
small  samples  were  required.  Since  the  2v,  band  used  in  the  present 
investigation  is  much  weaker  than  the  Vj  and  V3  bands,  larger  samples, 
which  could  be  mixed  and  measured  more  accurately,  were  employed. 

Toth^  has  measured  the  half-widths  of  several  of  the  lines  of  the  10°1 
and  02°1  bands  when  the  lines  are  self  broadened  as  well  as  when  they  are 
N2  broadened.  From  Toth's  published  values  of  the  normalized  half-widths 
corresponding  to  1  atm  pressure,  we  have  calculated  the  ratio  a°(self)/o° 
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which  corresponds  to  our  coefficient  B  defined  by  Eq.  (1-6)  above.  Toth's 
results  indicate  that  B  varies  from  1.44  at  J  =  20  to  1,20  at  J  =  40. 

This  variation  in  B  with  J  is  not  consistent  with  our  results  discussed 
in  the  previous  paragraph.  The  method  employed  by  Toth  provides  informa¬ 
tion  about  the  absolute  value  of  the  line  half-widths,  whereas,  our  method 
does  not.  However,  our  method  should  provide  a  more  accurate  means  of 
determining  the  ratio  of  the  broadening  abilities  since  it  is  much  less 
subject  to  errors  introduced  by  weak,  overlapping  lines,  errors  in  the 
assumed  line  intensities,  or  misplacement  of  the  zero-absorptance  curve 
on  the  spectrum. 

Until  further  work  on  ^0  line  half-widths  is  done,  we  recommend  that 
Toth's  values  for  N„  broadening  be  applied  to  atmospheric  problems  with 
the  assumption  that  o&  depends  on  J  but  is  the  same  for  a  given  J  within 
any  branch  of  any  band.  We  further  recommend  that  Toth's  values  of  o£ 
be  used  with  an  equivalent  pressure  Pg  given  by  Eq.  (1-6)  with  B  =  1.24 
when  dealing  with  samples  in  which  the  N?0  partial  pressure  is  not  much 
less  than  the  total  pressure. 
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SECTION  2 


BAND  SYSTEMS 


The  three  fundamental  bands  of  N20,  Vi,  V2,  and  v3  are  at  1284.907, 
588.767,  and 2223 .756  cm-1,  respectively.  Note  that  v3  ~  2v1  ~4v2. 

The  quantity  N  defined  as  2vt  +  v~  +  4v3,  where  the  v^s  are  the  vibra¬ 
tional  quantum  numbers,  is  convenient  in  specifying  energy  levels  and 
in  estimating  band  positions.  Because  of  the  approximate  relationship 
between  Vp  '2,  and  v3,  levels  having  the  same  N  are  approximately  equal. 
The  changes  in  the  quantum  numbers  Vp  v2,  and  v3  during  the  transition 
are  denoted  by  Avp  Av2,  and  Av3,  respectively.  It  follows  that  bands 
arising  from  transitions  for  which  AN  =  2Av^  +  Av„  +  4Av3  is  constant 
-'■11  occur  near  each  other.  2 

Each  band  system  contains  a  main  band  and  associated  difference  bands 
that  arise  from  transitions  from  excited  energy  levels  with  the  same 
changes  in  the  vibrational  quantum  numbers  as  the  main  band.  For  example, 
the  00  1  band  is  the  main  one  in  a  system  that  also  contains  the  differ¬ 
ence  bands  Oin^-Ol^O,  02°l<-02°0,  022l<-0220,  10°1<-10°0,  and  many  others 

from  higher  excited  energy  levels.  The  relative  intensities  of  the 
difference  bands  decrease  with  increasing  height  of  the  lower  energy 
level  because  of  the  decrease  in  its  population.  Corresponding  bands 
of  the  rare  isotopic  molecules  are  also  a  part  of  the  system. 

Measuring  the  parameters  of  each  individual  absorption  line  is  not 
possible.  Many  of  the  lines  overlap  each  other  and  are  too  close  to 
be  resolved  by  spectrometers.  The  line  parameters  are  being  determined 
by  a  combination  of  experiment  and  theory.  The  intensity  of  a  band 
system  is  determined  experimentally  from  spectral  curves  of  (-l/u)iLT 
similar  to  those  shown  in  Sections  3  and  4.  In  many  cases,  the  vibration- 
rotation  interaction  does  not  influence  the  line  intensities  significantly 
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and  the  intensity  of  an  individual  line  can  be  calculated  accurately  by 
simple  theoretical  expressions  from  the  intensity  of  the  entire  vibration- 
rotation  band  to  which  it  belongs.  The  relative  intensities  of  the  lines 
within  a  band  have  been  tabulated  by  Young7  for  several  types  of  bands 
for  which  there  are  negligible  interactions  that  influence  the  relative 
intensities. 


The  relative  intensities  of  the  bands  within  several  of  the  band  systems 
can  be  estimated  on  the  basis  of  the  degeneracy  and  the  relative  popula¬ 
tions  of  the  lower  energy  levels  involved  in  the  transition.  Thus,  within 
one  of  these  band  systems,  the  intensities  of  the  individual  lines  can  be 
calculated  from  the  experimentally  determined  intensity  of  the  band  system. 
However,  the  relative  intensities  of  many  of  the  bands  can  not  be  predicted 
by  the  simple  theory  because  of  interactions  that  modify  the  relative 
intensities.  A  Considerable  portion  of  the  present  study  has  been  devoted 
to  investigations  of  the  relative  intensities  of  the  main  bands  and  their 
associated  difference  bands.  These  investigation,',  are  continuing,  and  the 
results  will  be  reported  in  the  future. 


Table  2-1  summarizes  all  of  the  band  systems  to  be  included  in  the  line 
parameter  tabulation  as  well  as  several  other  weaker  band  systems  observed 
or  looked  for  during  the  investigation.  Each  band  system  is  identified 
by  the  main  band  in  the  system.  The  center  position  and  the  upper  and 
lower  energy  levels  correspond  to  the  main  band.  The  changes  in  each  of 
the  quantum  numbers  V-, ,  V2,  and  v,  are  constant  within  a  system,  but  the 
change  in  £  may  be  either  0  or  +  I.  Three  forbidden  bands  (0220,  1220, 
and  0620)  for  which  a/  =2  are  also  included;  of  these  only  the  0220  band 
and  the  R27  and  P29  lines  of  the  06^0  band  is  sufficiently  intense  for  the 
line  parameter  tabulation.  The  intensities  of  these  0620  lines  are  enhanced 
due  to  Fermi  interaction  and  are  discussed  later. 


The  isotopes  are  indicated  in  the  final  column  by  456,  546,  448.  and  447 
for  the  14N15N160,  15N14N160,  14N14N180,  and  14N^Nl7o  molecules, 

respectively.  Levels  listed  without  reference  to  a.  particular  isotope 
correspond  to  the  most  abundant  isotopic  molecule  14N14Nr°0. 


To  illustrate  the  notation,  the  line  parameters  in  the  following  bands  are 
to  be  included  for  the  system  containing  the  0110<-00o0  band;  Ol^-CMK^O, 
02°0<-01i0,  0220<-0l!0,  03i0-02°0,  0310-0220,  033(M)22(),  and  the  Q- 

branch  onlyQof  1110<-10°0  band  for  the  446  isotope.  Also  included  are 
the  01i(M)0o0  bands  for  the  456,  546,  and  448  isotopes  and  the  Q-branch 
only  of  this  band  for  the  447  isotope.  All  of  the  lines  of  bands  in  this 
system  that  arise  from  energy  levels  higher  than  those  listed  are  too 
weak  to  include  in  the  line  parameter  listing.  The  present  investigation 
has  included  measurements  over  the  spectral  region  from  approximately 
530  cm“l  to  above  8000  cm"l;  no  bands  with  intensity  greater  than 
0.2  x  10"  0  molecules" ^cm^cm”!  other  than  those  listed  in  Table  2-1 
in  this  spectral  region  at  room  temperature  or  below. 


occur 


2-2 


TABLE  2-1 


SUMMARY  OF  BAND  SYSTEMS 


Center  of 

Vibrational 

quantum  Nos. 

Intensity  of  band  system 

Lower  level  of  bands  in  parameter  table 

main  band 
(cm"1) 

upper 

level 

lower 

level 

chanjes 

v1,v2,^,v3 

(multiply  by  10  ^  molecules  ^cra^cm 

and  miscellaneous  remarks 

AN  =  1 

' 

588.767 

01*0 

00°0 

0,  1,+1,  0 

117.9  +  9  122±16(8W),  147(TWV), 

131(Ha),  77. 5(EC) ,  75.2<WK),  153(G), 
135(YP) 

00°0,  01*0,  02°0,  0220,  10°0(Q  only). 

456.  546.  448,  00°0  .  447  ,  00°0(Q  only). 

696.140 

10°0 

01l0 

1,-lr  l,  0 

0.354  +  0.02 

01*0. 

AN  =  2 

938. B49 

00°1 

10°0 

-1,  0,  0,  1 

0.254±0.010 

10  °0. 

1037.66 

04°0 

10°0 

• 

o 

O 

<  0.01 

None. 

1055.622 

00°  1 

02°0 

0,-2,  0,  1 

0.054+0.004 

None. 

1168. 134 

02°0 

00°0 

0,  2,  0,  0 

38.5±1.5,  40. 5(GW) ,  31(EC), 

44. L±4. 1(8W) 

00°0,  01*0,  02°0,  0220. 

1177.750 

1284.907 

02  20 
10°0. 

00°0 

00°0 

0,  2,  2,  0 

1,  0,  0,  0 

996±40,  975(GW),  1410(TWV),  910(EC), 

9 80 (Ha),  809 (WK) 

00°0 

00°0,  01*0,  02°0,  0220,  10u0,  03*0,  0330,  ll1 
456.  546.  448.  00"0,  01*0.  447,  00°0. 

Not  all  bands  were  observed  because  of 
overlapping. 

AN  «  3 

1634.989 

00°  1 

01*0 

o,-i,-i,  1 

0.278±0,02 

00°0. 

1749.058 

03 10 

00°0 

0,  3,+l,  0 

0.24U0.02 

00°0. 

1880.268 

lll0 

00°0 

1,  l,+4,  0 

1.66±0.08,  1.51 (EC) 

00°0,  0110(Q  only). 

1974.571 

20°0 

01*0 

2,-l,+l,  0 

SQ=0.024±0.002 

01l0(Q  only). 

AN  =  4 

207 9. 067 

02°1 

10°0 

-1,  2,  0,  1 

<  0.0002 

None.  May  be  in  structure  obs.  near 

2060  cir." 1 . 

2181.66 

06°0 

10°0 

-1,  6,  0,  0 

<  0.2 

None.  Not  obs.  Overlaps  00°1  system. 

2223.756 

00°1 

00°0 

o 

o 

o 

•— 1 

5710+250,  687Q±700(8W),  5620(Ha), 

6940 (THW),  6130 (EC),  6010(CMT) 

6 500 (Hu),  3700(HK),  7130(YFS), 

63 10 (GO) 

00°0,  01*0,  02°0,  0220,  10°0.  03l0,  0330, 
11*0.  456,  546,  448,  447,  00°0,  01*0. 

2312.687 

10°1 

02°0 

1,-2,  0,  1 

<  0.05 

None.  Not  obs.  Overlaps  04°0  system. 

2322.624 

04°0 

00°0 

o 

o 

o 

2 . 7±0 . 3 

oo°o,  01*0. 

2461.998 

12°0 

00°0 

►— 

to 

o 

o 

33.4±I. 5,  37.1(V),  42. 5±5. 7 (8W) 

00°0,  01*0,  02°0,  0220. 

2474.785 

2563.341 

2 

12*0 

20°0 

00°0 

00°0 

1,  2,  2,  0 
i,  o,  o,  0 

135±7,  132(V),  173(0),  163+18(BW) 

none 

00°0,  01*0,  02°0,  0220,  10°0. 

456.  546.  448.  00°0. 

2668.239 

30°0 

02°0 

3,-2,  0,  0 

<  0.005 

None.  Obs. 
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TABLE  2-1  (Cont.) 
SUMMARY  OF  BAND  SYSTEMS 


Center  of 

Vibrational 

quantum  Nos. 

Intensity  of  band  system 

(multiply  by  10  ^  molecules  ^cm^cm  * 

Lower  i eve 1  of  bands  in  parameter  table 
and  miscellaneous  remarks 

) 

main  band 
(cm" 1) 

upper  lower 
level  level 

changes 

v!>v2>2,v3 

2798.290 

oiH 

00°0 

0,  1,+  1,  1 

AN  =  5 

9.62*0.96,  9.00(ECJ 

00°0,  01^0,  02°0 (Q  only),  0220(Qonly). 

2892.054 

10°1 

01l0 

l.-l.-l.  1 

Sp=0.009,  Sr=0.007,  Sq=0.015 

None.  Intenaltles  of  branches,  ±  107.. 

2897.78 

05l0 

00°0 

0,  5,  1,  0 

SQ  <  0.0013 

None.  Q-obs.  Overlaps  10°1*-0110. 

3046.213 

13^ 

00°0 

1,  3,  1,  0 

<  0.025 

None.  Obs. 

3165.857 

21l0 

00°0 

2,  1,  1,  0 

S  =0.004*0.002,  S  -0.027*0.003, 

None. 

3247.606 

30°0 

01l0 

3,-1, -1,  o 

Sp=0.012±0 .001  R 
<  0.003. 

None.  Oba. 

3363.974 

02°1 

00°0 

0,  2,  0,  1 

AN  =  6 

10.6.10.5,  6.86 (V),  8. 15(T) 

00°0,  0110,  Value  by  (T)  determined  from 
SV(02°J>  =  7.23 

Not  Obs.  Overlaps  10°l  band.  Only  lines 

(T)3465.95 

06°0 

00°0 

0,  6,  0,  0 

0.0375(T) 

(TJ3474.65 

0620 

00°0 

0,  6,  0,  2 

R45  and  P47  are  important. 

Not  oba.  Only  lines  R27  and  P29  are  important 

3480.821 

10°1 

00°0 

1,  0,  0,  1 

197il0,  170 (V) ,  169 (T) 

00°0,  01 10,  02°0,  Of'^O,  10°0  .  456  ,  546, 

448,  00 °0 .  Value  by  (T)  determined  from 
Sv(10°l)  =  150. 

00°0. 

3620.941 

14°0 

00°0 

1,  4,  0,  0 

U,:>t,-0.05 

3748.252 

22°0 

00  °0 

2,  2,  o,  a 

4.12+0.  2 

00°0,  01l0. 

3636.373 

30°0 

00°0 

3,  0,  0,  0 

8 . 1 5*0 . 4 

o 

O 

O 

o 

o 

o 

3931.258 

03  ll 

00°0 

0,  3,  1,  1 

AN  *  7 

°-01  *  Too2? 

None. 

(4037.13  ) 

07l0 

00°0 

o 

r-» 

o 

<  0.005 

None.  Not  apparent.  Overlaps  ll1!  band. 

4061.979 

llll 

oopo 

1,  1,  1,  1 

0.111  *  0.0U6 

None. 

4197.960 

15l0 

00°0 

1,  5,  1,  0 

<  0.005 

None.  Not  obs. 

4335.798 

23 10 

00°0 

2,  3,  1,  0 

o.i  * 

4446.379 

31 10 

00°0 

3,  1,  1,  0 

0.07 

<  0.01 

None.  Q  obs. 

4417.379 

00°2 

00°0 

0,  0,  0,  2 

AN  =  8 

6.9  ±  0.7,  6.34(V),  5.20(M) 

o 

o 

o’ 

o 

o 

o 

4491.541 

04°1 

00°0 

o,  4,  0,  1 

°-°2i  S:“i 

None. 

4601.80 

08°0 

00°0 

o 

oo 

o 

o 

<  0.1 

None.  Not  obs. 

4630.164 

12°1 

00°0 

1,  2,  0,  1 

0.68  *  0.07 

00°0. 

4730.828 

20°1 

00°0 

2,  0,  0,  1 

4.4  ±  0.4,  3.63 (V) 

00°0,  01 '0. 

4767.13 

16°0 

00°0 

l,  6,  0,  0 

<  0.2 

None.  Not  obs. 

4911.06 

24  °0 

00°0 

2,  4,  0,  0 

0.065  *  0.007 

None. 

5026,34 

32°0 

00°0 

3,  2,  0,  0 

0.29  ±  0.04 

00°0, 

5105.65 

40  °0 

00°0 

o 

o 

o 

0.29  *  0.03 

00°0. 
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The  final  two  columns  also  include  the  information  about  the  intensities 
of  several  bands  too  weak  to  include  in  the  listing.  "None",  in  the  last 
column  indicates  that  none  of  the  bands  in  a  system  are  intense  enough  to 
be  included.  Upper  limits  on  the  intensities  of  some  of  these  bands  have 
been  established,  either  by  estimations  based  on  spectral  features  observed, 
or  by  calculating  the  maximum  intensity  that  the  system  could  have  without 
producing  observable  features  in  the  spectral  curves  obtained.  "Not  obs." 
or  "Obs."  indicates  whether  or  not  the  lines  within  the  band  were  observed 
and  identified.  In  some  cases,  the  absorption  features  may  have  not  been 
observed  because  they  overlap  other  bands. 

Table  2-2  contains  the  information  available  to  calculate  the  positions  of 
the  lines  of  most  of  the  bands  to  be  included  in  the  line  parameter  table. 
Each  energy  level  for_£  >  0  is  split  into  two  components;  this  is  indicated 
by  the  jc  and  cl  in  the  notation.  The  group  of  lines  corresponding  to  each 
of  the  split  levels  is  treated  as  a  separate  sub-band,  although  the  levels 
are  essentially  coincident  for  small  values  of  the  rotational  quantum 
number  J.  Spaces  have  been  left  blank  where  the  information  has  not 
yet  b'een  obtained  or  is  not  known  to  the  authors.  Unless  there  is  a  foot¬ 
note  indicating  otherwise,  these  values  are  based  on  three  articles  by 
Pliva,  ’  *  The  asterisks  denote  constants  derived  from  the  results 

of  several  experimental  programs,  including  the  one  performed  in  our 
laboratory,  by  Dr.  William  S.  Benedict.  11  The  line  positions  can  be 
determined  from  the  tabulated  constants  by  use  of  the  following  two 
equations : 

Vo(J,,)  =  Vc  +  (B'fB")m  +  [(B'-B")  -  (D'-D")]m2  -  [2(D»+D")  +  (H'-H")]m3 

- [ (D ' -D" )  -  3(H'-H")]m4  +  3(H»+H")m5  +  (H'-H")m6.  (2-1) 

where  parameters  with  single  primes  are  associated  with  the  upper  energy 
state  of  the  transition  and  parameters  with  double  primes  with  the  lower 
energy  state,  and  m  =  -J"  for  P  branch  (AJ  =  1),  m  =  J"  +  1  for  R  branch 
(AJ  =  +1),  V£  =  band  center  in  crn'T. 

For  the  Q  Branch  (AJ  =  0,  m  =  J") 

Vo(J,,)  =  vc  +  (B,-B'’)m+  [ (B  T  — B"  —  (D T -D" )  ]m2  -  [2(D'-D")  -  (H’-H")]m3 

-  [(D'-D" )  -  3(H'-H")]m4  +  3(H'-H")m5  +  (H’-H")m6.  (2-2) 

The  first  line  to  appear  in  each  branch  is  indicated.  If  an  entire  branch 
is  missing  for  a  particular  sub-band,  it  is  indicated  by  "none."  As  an 
example,  the  P-branch  of  the  01^c0«-O0o0  sub-band  starts  with  J"  =  2  (P2), 

ni'ldn  nnOn°  Q_branch,  and  the  R-branch  starts  with  J"  =  0  (RO);  whereas,  the 
U1  0«-00  0  sub-band  has  only  the  Q-branch  starting  with  J"  =  1  (Ql). 
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8and  Band 
No.  Center 


Vibrational  Levela 

Notation _ Energy 

Upper  Lower  Lower 


Iao-  Minimum  J"  value 
tope  in  each  branch 

p  Q  R 


B'-B"  D"  D'-D"  H"  H'-H" 

Multiply  Multiply  Multiply  Multiply  Multiply 
by  E-3  by  E-7  by  E-7  by  E-12  by  E-12 

(cm  l)  (cm  *)  (cm  *)  (cm  *)  (cm  *) 


1284.907 

1291.501 


1293.864 

1297.035 


588.767 

01lc0 

00°0 

0 

446 

2 

None 

0 

0.4190113 

0.1664 

1.795 

-0.01 

1.17 

0 

tt 

01ld0 

00°0 

0 

II 

None 

1 

Ncne 

0.4190113 

0.9582 

1.795 

-0.01 

II 

0 

579.367 

02°0 

01lc0 

588.767 

II 

1 

None 

1 

0.4191777 

0.7416 

1.785 

0.660 

II  ' 

0 

II 

02°0 

01ld0 

II 

II 

None 

1 

None 

0.4199695 

-0.0502 

1,785 

0.660 

II 

0 

588.983 

022c0 

01lc0 

II 

II 

3 

None 

1 

0.4191777 

0.9476 

1.785 

-0.620 

II 

0 

H  ) 

022d0 

01lc0 

II 

II 

None 

2 

None 

0.4191777 

1  0.9476 

1.785 

0.010 

II 

0 

II 

022c0 

01ld0 

II 

II 

None 

2 

None 

0.4199695 

0.1558 

1.785 

-0.620 

II 

0 

II 

022d0 

01ld0 

II 

II 

3 

None 

1 

0.4199695 

0.1558 

1.785 

0,010 

0 

580.924 

03lc0 

02°0 

1168.134 

II 

2 

None 

0 

0.4199193 

-0.3130 

2.445 

-0.250 

II 

0 

n 

03ld0 

02°0 

It 

II 

None 

1 

None 

0,4199193 

1.1690 

2.445 

-0.250 

II 

0 

571.308* 

03lc0 

022c0 

1177.750 

•1 

2 

None 

2 

0.4201253 

-0.5190 

1.165 

1.030 

II 

0 

m 

03ld0 

022c0 

II 

II 

None 

2 

None 

0.4201253 

0.9630 

1.165 

1.030 

II 

0 

n 

03lc0 

022<l0 

II  ' 

II 

None 

2 

None 

0.4201253 

-0.5190 

1.795 

0.400 

11 

0 

ii 

03ld0 

022d0 

II 

II 

2 

None 

2 

0,4201253 

0.9630 

1.795 

0,400 

II 

0 

589.208 

033c0 

022c0 

II 

II 

4 

None 

2 

0.4201253 

0,549* 

1.165 

0.64* 

II 

-1.03* 

033d0 

022c0 

II 

II 

None 

3 

None 

0,4201253 

0.549* 

1.165 

0.64* 

II 

1.03* 

033c0 

022d0 

II 

II 

None 

3 

None 

0.4201253 

0.549* 

1.795 

0.01* 

II 

-1.03* 

033d0 

022d0 

II 

II 

4 

None 

2 

0.4201253 

0.549* 

1.795 

0.01* 

II 

1.03* 

595.361 

lllc0 

10°0 

1284.907 

II 

2 

None 

0 

0.4172563 

0.2110 

1.775 

-0.010 

II 

0 

ii 

llld0 

10°0 

»• 

II 

None 

1 

None 

0.4172563 

1.1240 

1.775 

0 

II 

0 

585.320 

01lc0 

00°0 

0 

546 

2 

None 

0 

0. 404856 

0. 174 

1.65 

0 

it 

01ld0 

00°0 

II 

546 

None 

1 

None 

0.404856 

0.916 

1.65 

0 

575.5* 

oilco 

00°0 

" 

456 

-  2 

None 

0 

0.4189021* 

0.113* 

1.75* 

0* 

" 

01ld0 

00°0 

456 

None 

1 

None 

4,4  18982 1* 

P.909* 

1.75* 

0* 

586.3* 

01lc0 

0P°0 

•• 

447 

2 

None 

0 

0.406691* 

0.1694* 

1.72* 

0* 

n 

01ld0 

00°0 

« 

447 

None 

1 

None 

0,406691* 

0.919* 

1.72* 

0* 

584.1* 

01lc0 

00°0 

" 

448 

2 

None 

0 

0.395577* 

0.172* 

1.65* 

0* 

o* 

0* 

it 

01ld0 

00°0 

" 

448 

None 

1 

None 

0.395577* 

0.884* 

1.65* 

o* 

o* 

o* 

696.140 

10°0 

01lc0 

588.767 

446 

1 

None 

1 

0.4191777 

-1.9214 

1.785 

-0.010 

1.17 

u 

it 

10°0 

01ld0 

" 

« 

None 

1 

None 

0.4199695 

-2,7132 

1.785 

-0.010 

it 

0 

938.849 

00°1 

10°0 

1284.907 

n 

1 

None 

0 

0.4173163 

-1.695 

1.775 

0.02 

n 

0 

1168.134 

02  °0 

00°0 

0 

ii 

1 

None 

0 

0.4190113 

0.9080 

1.795 

0.650 

n 

0 

1160.291 

03lc0 

01lc0 

588.767 

n 

2 

None 

1 

0.4191777 

0.4286 

1.785 

0.410 

ii 

0 

it 

03ld0 

01lc0 

II 

it 

None 

1 

None 

0.4191777 

1.9106 

1.785 

Cl.  410 

n 

0 

'  ii 

03lc0 

01ld0 

II 

n 

None 

1 

None 

0.4199695 

-0.3632 

1.785 

0,410 

0 

" 

03ld0 

01ld0 

II 

ii 

2 

None 

1 

0.4199695 

1.1188 

1.785 

0.410 

ii 

0 

1154.436 

04°0 

02°0 

1168.134 

ii 

1 

None 

0 

0.4199193 

0.6920 

2.445 

1.650 

ii 

0 

1153.40 

042c0 

°c 

02*"  C0 

1177.750 

ii 

3 

None 

2 

0.4201253 

0.886* 

1.165 

0.185* 

it 

ov 

ii 

042d0 

022c0 

ii 

ti 

None 

2 

None 

0.4201253 

0.886* 

1.165 

1.085* 

it 

0* 

ii 

042c0 

022d0 

ii 

ii 

None 

2 

None 

0.4201253 

0.886* 

1.795 

-0.445* 

ii 

0* 

ii 

042d0 

022d0 

n 

n 

3 

None 

2 

0.4201253 

0.886* 

1.795 

0.705* 

it 

0* 

1177.750 

022c0 

00°0 

0 

it 

3 

None 

1 

0.4190113 

1.114 

1.795 

-0.765* 

n 

0 

0 

588.767 


1168,134 

1177.750 


0.4190113 

0.4191777 

0.4191777 

0.4199695 

0.4199695 

0.4199193 

0.4201253 

0.4201253 

0.4201253 

0.4201253 


-1.7550 

-1.7104 

-0.7974 

-2.5022 

-1.5892 

-1.7710 

-1.411 

-1.411 

-1.411 

-1.411 


-0.020 

-0.020 

-0.010 

-0.020 

-0.010 

0.020 

0.045* 

0.535* 

-0,585 

-0.095 
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TABLE  2-2  (Cont.) 
n2o  BAND  PARAMETERS 

Band  Vibrational  Levels  Iso-  Minimum  J"  value  B“  B’-B"  D"  o'-D"  H"  H’-H" 

Center  _ Notation _ Energy,  tope  in  each  branch  Multiply  Multiply  Multiply  Multiply  Multiply 

vc  Upper  Lower  Lower  P  Q  *  by  E’3  by  E'7  by  E-7  by  E-12  by  E-12 

(cm-1)  (cm-1)  (cm'1)  (cm'1)  (cm'1)  (cm'1)  (cm'1)  (cm'1) 


1278.434 

20°0 

io°o 

1284.907  446  1 

None 

1297.155 

13lc0 

03lc0 

1749.058  " 

2 

None 

■. 

13ld0 

03lc0 

•i  it 

None 

1 

.» 

13lc0 

03ld0 

ii  ii 

None 

1 

it 

13ld0 

03ld0 

ii  it 

2 

None 

1300.791* 

133cO 

033c0 

1766,958*  » 

4 

None 

" 

133d0 

033c0 

"  <i 

None 

3 

" 

133cO 

033d0 

"  ii 

None 

3 

" 

133d0 

033d0 

« 

4 

None 

1285.589 

21lc0 

lllc0 

1880.268  it 

2 

None 

II 

21ld0 

lllc0 

"  it 

None 

1 

II 

21lc0 

llld0 

"  ii 

None 

1 

II 

21ld0 

llld0 

*•  it 

2 

None 

1280.5* 

10°0 

00°0 

0  456 

1 

None 

1286.4* 

lllc0 

oilco 

575.5*  456 

2 

None 

ii 

llld0 

01lc0 

456 

None 

1 

" 

lllc0 

oildo 

"  456 

None 

1 

n 

llld0 

01ld0 

"  456 

2 

None 

1269.894* 

10°0 

00°0 

0  546 

1 

None 

1277.760* 

lllc0 

01lc0 

585.320*  546 

2 

None 

ii 

llld0 

oilco 

"  546 

None 

1 

ii 

lllc0 

oildo 

"  546 

None 

1 

it 

nldo 

oildo 

"  546 

2 

Nnne 

1247.9* 

10°0 

00°0 

0  448 

1 

None 

1255.7* 

lllc0 

01lc0 

584.1*  448 

2 

None. 

n 

llld0 

01lc0 

"  448 

None 

1 

n 

lllc0 

01ld0 

"  448 

None 

1 

" 

nldo 

01ld0 

"  448 

2 

None 

1265.5* 

io°o 

00°0 

0  447 

1 

None 

0  0.4172563 

-1.6530 

1.775 

-0. 130 

1.17 

0 

1  0.4196063 

-1.8430 

2.195 

-0.050 

II 

0 

None  0.4196063 

-0.2280 

2.195 

-0.030 

II 

0 

None  0.4210883 

-3.3250 

2.195 

-0.050 

II 

0 

1  0.4210883  ' 

-1.7100 

2.195 

-0.030 

II 

0 

3  0.42674* 

-1.565* 

1  : 805* 

4  0* 

0.14* 

0.33* 

None  0.42674* 

-1.565* 

1.805* 

0* 

0.14* 

1.73* 

None  0.42674* 

-1.565* 

1.805* 

0* 

2.20* 

-1.73* 

3  0.42674* 

-1.565* 

1 . 805* 

0* 

2.20* 

-0.33* 

1  0.4174673 

-1,6340 

1.765 

-0.170 

1.17 

0 

None  0.4174673 

-0. 5510 

1.765 

-0.170 

ii 

0 

None  0.4183803 

-2.5470 

1.775 

-0.180 

ii 

0  . 

1  0.4183803 

-1.4640 

1.775 

-0.180 

ii 

0 

0  0.4189821* 

-1.79* 

1.75* 

-0.03* 

1  0.419095* 

-1.75* 

1.75* 

-0.04* 

None  0.419095* 

-0.89* 

1.75* 

-0.05* 

None  0.419891* 

-2.55* 

1.75* 

-0.04* 

1  0.419891* 

-1.69* 

1.75* 

-0.05* 

0  0.4048564* 

-1.587* 

1.65* 

-0.05* 

1  0.4050304* 

-1.569* 

1.65* 

-0.06* 

None  0.4050304* 

-0.649* 

1.65* 

-0.08* 

None  0.4057724* 

-2.311* 

1.65* 

-0,06* 

1  0.4057724* 

-1.391* 

1.65* 

-0.08* 

0  0.395577* 

-1.52* 

1.65* 

-0.10* 

1  0.395749* 

-1.45* 

1.65* 

-0.09* 

None  0.395749* 

-0.52* 

1.05* 

-0.15* 

None  0.396461* 

-2.16* 

1.65* 

-0.09* 

1  0.396461* 

-1,33* 

1.65* 

-0.15* 

0  0,406691* 

-0.73* 

1.72* 

-0.05* 

1634.989  00°1  01lc0  588.767  446 


» 

00°1 

01ld0 

It 

1749.058 

03lc0 

oo°o 

0 

II 

03ld0 

00°0 

1. 

1880.268 

lllc0 

oo°o 

0 

t» 

llld0 

oo°o 

II 

1886.018 

122cO 

oilco 

588.767 

ii 

122dO 

oilco 

•• 

n 

122cO 

01ld0 

ii 

n 

122dO 

oildo 

it 

1873.231 

12°0 

oilco 

ti 

12°0 

oildo 

■t 

1974.574 

20°0 

oilco 

ii 

20°0 

oildo 

ii 

2223.756 

00°1 

oo°o 

0 

2209.523 

01lcl 

01lc0 

538.767 

it 

O 

t— * 
i-1 
CL 
1— 1 

01lc0 

•i 

it 

01lcl 

01160 

M  1 

ti 

oildi 

01ld0 

II  1 

2195.840 

02°1 

02  °0 

1168.134  • 

1 

None 

1  0.4191777 

None 

1 

None  0.4199695 

2 

None 

0  0.4190113 

None 

1 

None  0.4190113 

2 

None 

0  0.4190113 

None 

1 

None  0.4190113 

3 

None 

1  0.4191777 

None 

2 

None  0.4191777 

None 

2 

None  0.4199695 

3 

None 

1  0.4199695 

1 

None 

1  0.4191777 

None 

1 

None  0.4199695 

1 

None 

1  0.4191777 

None 

1 

None  0.4199695 

1 

None 

0  0.4190113 

2 

None 

1  0.4191777 

None 

1 

None  0.4191777 

None 

1 

None  0.4199695 

2 

None 

1  0.4199695 

1 

None 

0  0.4199193 

-3.6164 

1.785 

0.01 

1.17 

-4.4002 

1.785 

0.01 

ii 

0.5950 

1.795 

0.400 

„ 

2.0770 

1.795 

0.400 

it 

-1.5440 

1.795 

-0.030 

ii 

-0.6310 

1.795 

-0.020 

ii 

-0.4634 

1.735 

-0.575* 

it 

-0.4634 

1.785 

-0.085* 

ii 

-1.2552 

1.785 

-0.575* 

ii 

-1.2552 

1.785 

-0.085* 

ii 

-1.0294 

1.785 

0.68 

it 

-1.8212 

1.785 

0.68 

ii 

-3.5744 

1.785 

-0.14 

it 

-4.3662 

1.785 

-0.14 

ii 

-3.4500 

1.795 

0 

ii 

-3.4054 

1.785 

0.010 

ii 

-2.6304 

1.785 

0.010 

ii 

-4.1972 

1.785 

0.010 

ii 

-3.4222 

1.785 

0.010 

ii 

-3.3750 

2.445 

0 

ii 

0 

0 

0 

0 

0 

U 

0 

0 

0 

0 

2.6 

2.6 

0 

0 

0 

0 

0 

0 

0 

0 
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TABLE  2-2  (Cont.) 
n2o  BAND  PARAMETERS 


8and 

Center 

V 

c 

(cm  1) 

Vibrations] 

Levels 

Iso¬ 

tope 

Minimum  J"  value  8" 

in  each  branch 

B ,-8"  D" 

Multiply  Multiply 
by  E-3  by  E-7 

(cm  *)  (cm  *) 

D'-D" 
Multiply 
by  E-7 

(cm  3) 

H" 

Multiply 
by  E-12 

(cm-1) 

H'-H" 
Multiply 
by  E-12 

(cm  3) 

Notation 

Energy 

Upper 

Lo?>er 

Lower 

(cm  l) 

P 

Q 

R 

(cm  3) 

2195.387 

022c1 

022c0 

1177.750 

446 

3 

None 

2  0.4201253 

-3.3730 

1.165 

0.030 

1.17 

0 

II  ‘  1 

02 23 1 

022  c0 

II 

ii 

None 

2 

None  0.4201253 

-3.3730 

1.165 

0.630 

0 

It 

022c1 

0f2d0 

■> 

ii 

None 

2 

None  0.4201253 

-3.3730 

1.795 

-0.600 

« 

0 

II 

022dl 

022d0 

II 

ii 

3 

None 

2  0.4201253 

-3.3730 

1.795 

0 

II 

0 

2195.914 

10°1 

10°0 

1284.907 

ti 

1 

None 

0  0.4172563 

-3.4720 

1.775 

-0. 030, 

II 

0 

2182.200 

03lcl 

03lc0 

1749.058 

ti 

2 

None 

1  0.4196063 

-3.3810 

2.195 

-0.280 

II 

0 

ti 

03ldl 

03lc0 

•• 

ii 

None 

1 

None  0.4196063 

-1.9220 

2.195 

-0.270 

It 

0 

ii 

03lcl 

03ld0 

ii 

ii 

None 

1 

None  0.4210883 

-4.8630 

2.195 

-0.280 

i. 

0 

ii 

03rai 

03ld0 

m 

ii 

2 

None 

1  0.4210883 

-3.4040 

2.195 

-0.270 

0 

2181.386* 

033c1 

033c0 

1766.958* 

ii 

4 

None 

3  0.42674* 

-3.347* 

1.805* 

0.01* 

0.14* 

0 

" 

03^1 

033c0 

" 

ii 

None 

3 

None  0.42674* 

-3.347* 

1.805* 

0.01* 

0.14* 

2.06* 

ii 

033c1 

03^0 

" 

ii 

None 

3 

None  0.42674* 

-3.347* 

1.805* 

0.01* 

2.20* 

-2.06* 

ii 

033dl 

oi-^o 

ii 

ii 

4 

None 

3  0.42674* 

-3.347* 

1 . 805* 

0.01* 

2.20* 

0 

2181.711 

lllc0 

llle0 

1880.268 

it 

2 

None 

1  0.4174673 

-3.4160 

1.765 

0.010 

1.17 

0 

II 

llldl 

lllc0 

it 

ii 

None 

1 

None  0.4174673 

-2.5330 

1.765 

-0.030 

11 

0 

II 

111C1 

llld0 

" 

•• 

None 

i 

None  0.4183803 

-4.3290 

1.775 

0 

11 

0 

II 

llldl 

llld0 

" 

ti 

2 

None 

1  0.4183803 

-3.4460 

1.775 

-0.040 

II 

0 

2193.623 

00°2 

00°1 

2223.756 

" 

1 

None 

0  0.4155613 

-3.465 

1.795 

-0.030 

11 

0 

(P)2177,659 

00°1 

00°0 

0 

456 

1 

None 

0  0.41B9B21 

-3.30 

1.75 

0 

(P)2164.13 

oilci 

01lc0 

575.50* 

456 

2 

None 

1  0.419095* 

-3.24* 

1.75 

0* 

" 

01ldl 

01lc0 

II 

456 

None 

1 

None  0.419095* 

-2.59* 

1.75 

0* 

" 

01lcl 

oildo 

II 

456 

None 

1 

None  0.419B91* 

-4.04* 

1.75 

0* 

" 

01ldl 

01ttf 

" 

456 

2 

None 

1  0.419891* 

-3.29* 

1.75 

o* 

(PJ2201.604 

00°1 

00°  0 

0 

546 

i 

None 

0  0.4048564 

-3.37 

1.55 

0 

2187.389 

01lcl 

01lc0 

585.320 

546 

2 

None 

1  0.4050304 

-3.325 

1.65 

0 

ii 

01ldl 

01lc0 

II 

546 

None 

1 

None  0.4050304 

-2.62* 

1.65 

0 

" 

01lcl 

oildo 

II 

546 

None 

1 

None  0.4057724 

-4.07 

1.65 

0 

ii 

01ldl 

01ld0 

II 

546 

2 

None 

1  0.4057724 

-3.37* 

ii 

II 

(P)2218.97* 

no°i 

00°  0 

0 

448 

1 

None 

0  0.395577 

-3.26* 

1.65 

0 

2204.70* 

01U1 

01lc0 

584.1* 

448 

2 

None 

1  0.395749* 

-3.20* 

1.65* 

II 

01ldl 

oilco 

It 

448 

None 

1 

None  0.395749* 

-2.54* 

1.65* 

" 

01lcl 

oildo 

II 

448 

None 

1 

None  0.396461* 

-3.91* 

1.65* 

II 

01ldl 

oildo 

II 

448 

2 

None 

1  0.396461* 

-3.25* 

1.65* 

2221.3* 

00°  1 

oo°o 

0 

447 

1 

None 

0  0.406691* 

-3.35* 

1.72* 

2207.25* 

01lcl 

01lc0 

586.3* 

447 

2 

None 

1  0.406860* 

-3.29* 

1.72* 

" 

01ldl 

01lc0 

II 

447 

None 

1 

Nonc  0.406860* 

-2.54* 

1.72* 

ii 

01lcl 

oildo 

•  I 

447 

None 

1 

None  0.407610* 

-4.08* 

1.72* 

» 

01ldl 

01ld0 

II 

447 

2 

None 

1  0.407610* 

-3.33* 

1.72* 

2322.624* 

04°  0 

00°0 

0 

446 

1 

None 

0  0.4190113 

1.659* 

1.795 

2.8* 

1.17 

27.4 

2309.109* 

05lc0 

01lc0 

588.767 

ii 

2 

None 

1  0.4191777 

0.554* 

1.785 

0.30* 

it 

0 

" 

05ld0 

01lc0 

ii 

ti 

None 

1 

None  0.4191777 

2.794* 

1.785 

0.57* 

it 

0 

ii 

05U0 

01ld0 

ti 

ii 

None 

1 

None  0.4199695 

-2.338* 

1.785 

0.30* 

ii 

0 

ii 

05ld0 

01ld0 

ii 

ii 

2. 

None 

1  0.4199695 

0.002* 

1.785 

0.57* 

" 

0 

2461.998 

12  °0 

00°  0 

0 

» 

1 

None 

0  0.4190113 

-0.8630 

1.795 

0.670 

ii 

2.6 

2457.446 

13lc0 

01lc0 

588.767 

ii 

2 

None 

1  0.4191777 

-1.4144 

1.785 

0.360 

ii 

0 

ii 

13ld0 

01lc0 

" 

ii 

None 

1 

None  0.4191777 

0.2006 

1.785 

0.380 

•' 

0 

n 

lc 

13ac0 

01ld0 

•t 

ii 

None 

1 

None  0.4199695 

-2.2062 

1.785 

0.360 

it 

0 

n 

13ld0 

01ld0 

ii 

ii 

2 

None 

1  0.4199695 

-0.5912 

1.785 

0.380 

n 

0 

2452.807 

14°  0 

02°0 

1168.134 

ii 

1 

None 

0  0.4199193 

-1.1320 

2.445 

1.440 

ti 

13.0 
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TABLE  2-2  (Cont.) 


Vibrational  Levels 


Center 

Notation 

Energy 

vc 

Upper 

Lower 

(cm'1) 

(cm  ) 

2453,900 

142c0 

2e 

02zc0 

1177.750 

ii 

142d0 

2c 

02  c0 

•• 

M 

142C0 

022d0 

•• 

M 

142d0 

022d0 

ii 

2463.345 

22°0 

10°0 

1284.907 

2563.341 

20°0 

oo°o 

0 

2577.090 

21lc0 

oif"o 

588.767 

m 

21ld0 

oilco 

ii 

•i 

21lc0 

oildo 

•i 

ii 

21ld0 

01ld0 

ii 

2580.118 

22°0 

02°0 

1168.134 

2588.310 

22zc0 

022c0 

1177.750 

ii 

222d0 

022c0 

II 

ii 

2e 

22ZC0 

022d0 

M 

ii 

222d0 

022d0 

11 

2551.466 

30°0 

10°0 

1284.907 

2534.21* 

20°0 

00°0 

0 

2554.3* 

20°0 

00°0 

“ 

2491.3* 

20°0 

00°0 

II 

2798.290 

01lcl 

00°0 

» 

II 

01ldl 

00°0 

2775.207 

02°1 

01lc0 

588.767 

» 

02°1 

01ld0 

II 

2784.370 

022c1 

011C0 

„ 

" 

022dl 

lc 

01AC0 

>. 

II 

022c1 

01ld0 

.. 

" 

022dl 

01ld0 

" 

2763.124 

03lcl 

02°0 

1168.134 

" 

03ldl 

02°0 

» 

2753.508 

03lcl 

022c0 

1177.750 

« 

03ldl 

2c 

02  c0 

it 

« 

03U1 

022d0 

ii 

ii 

03ldl 

022d0 

ii 

2770.594* 

033C1 

022C0 

ii 

II 

033dl 

022c0 

.. 

II 

033cl 

022d0 

n 

II 

033dl 

022d0 

" 

3363.974 

02°  1 

00°0 

0 

3342.491 

03lcl 

oilco 

588.767 

.. 

03ldl 

oilco 

.. 

03lcl 

01ld0 

ii 

ii 

03ldl 

01ld0 

ii 

3480.821 

10°1 

oo°o 

0 

3473.212 

11*1 

oilco 

588.767 

ii 

llldl 

oilco 

ii 

« 

lllcl 

oildo 

n 

II 

llldl 

oildo 

ii 

3462.030 

12°1 

02  °o 

1168.134 

Minimum  J"  value 
in  each  branch 
P  Q  R 


B'-B"  D"  D*-D"  H"  H'-H" 

Multiply  Multiply  Multiply  Multiply  Multiply 
by  E-3  by  E-7  by  E-7  by  E-12  by  E-12 


(cm*1) 

(cm  3) 

(cm'1) 

(cm'1) 

(cm"1) 

(cm"1 

446 

3 

None 

2  0.4201253 

-1.111* 

1.165 

-0.79* 

1.17 

0 

ii 

None 

2 

None  0.4201253 

-1.111* 

1.165 

0.88* 

ii 

0 

ii 

None 

2 

None  0.4201253 

-1.111* 

1.795 

-1.42* 

ii 

0 

ii 

3 

None 

2  0.4201253 

-1.111* 

1.795 

0.25* 

ii 

0 

ii 

1 

None 

0  0.4172563 

-0.929 

1.775 

0.62 

ii 

0 

n 

1 

None 

0  0.4190113 

-3.4080 

1.795 

-0.150 

n 

0 

ii 

2 

None 

1  0.4191777 

-3.3444 

1.785 

-0.190 

ii 

0 

ii 

None 

1 

None  0.4191777 

-2.2614 

1.735 

-0. 190 

it 

0 

ii 

None 

1 

None  0.4199695 

-4.1362 

1.785 

-0.190 

« 

0 

i« 

2 

None 

1  0.4199695 

-3.0532 

1.785 

-0.190 

ii 

0 

•• 

1 

None 

0  0.4199193 

-3.5920 

2.445 

-0. 050 

ii 

0 

ii 

3 

None 

2  0.4201253 

-2.924 

1.165 

0.035* 

ii 

0 

ii 

None 

2 

None  0.4201253 

-2,924 

1.165 

0.395* 

ii 

0 

ii 

None 

2 

None  0.4201253 

-2.924 

1.795 

-0.595* 

it 

0 

ii 

3 

None 

2  0.4201253 

-2.924 

1.705 

-0,235* 

ii 

0 

ii 

1 

None 

0  0.4172563 

-3.1090 

1.775 

-0.390 

ii 

0 

546 

1 

None 

0  0.4048564* 

-2.986* 

1.65* 

-0.20* 

456 

1 

None 

0  0.4189821* 

-3.53* 

1.75* 

-0.09* 

448 

1 

None 

0  0.395557* 

-2.79* 

1.65* 

-0.34* 

446 

2 

None 

0  0.4190113 

-3.2390 

1.795 

0 

1.17 

0 

ii 

None 

1 

None  0.4190113 

-2.4640 

1.795 

0 

11 

0 

ii 

1 

None 

1  0.4191777 

-2.6334 

1.785 

0.660 

tl 

0 

it 

None 

1 

None  0.4199695 

-3.4252 

1.785 

0.660 

II 

0 

ii 

3 

None 

1  0.4191777 

-2.4254 

1.785 

-0.590 

II 

0 

ii 

None 

2 

None  0.4171777 

-2.4254 

1.785 

0.010 

II 

0 

ii 

None 

2 

None  0.4199695 

-3.2172 

1./35 

-0.590 

II 

0 

ii 

3 

None 

1  0.4199695 

-3.2172 

1.785 

0.010 

l» 

446 

2 

None 

0  0.4199193 

-3.694 

2.445 

-0.53 

II 

0 

it 

None 

1 

None  0.4199193 

-2.235 

2.445 

-0.52 

11 

0 

ii 

2 

None 

2  0.4201513 

-3.  '300 

1.165 

0.75 

II 

0 

ii 

None 

2 

None  0.4201253 

-2.441 

1.165 

0.76 

II 

0 

it 

None 

2 

None  0.4201253 

-3.900 

1.795 

0.12 

II 

g 

" 

2 

None 

2  0.4201253 

-2.441 

1.795 

0.13 

II 

0 

4 

None 

2  0.4201253 

-2.826* 

1.165 

0.645* 

II 

.-1.03* 

n 

None 

3 

None  0.4201253 

-2.826* 

1.165 

0.645* 

11 

1.03* 

ii 

None 

3 

None  0.4201253 

-2.826* 

1.795 

0.015* 

It 

-1.03* 

it 

4 

None 

2  0.4231253 

-2.826* 

1.795 

0.015* 

II 

1.03* 

ii 

1 

None 

0  0.4190113 

-2.467 

1.795 

0.650 

II 

0 

ii 

2 

None 

1  0.4191777 

-2.9524 

1.785 

0.130 

II 

0 

ii 

None 

1 

None  0.4191777 

-1.4934 

1.785 

0.140 

II 

0 

ii 

None 

1 

None  0.4199695 

-3.7442 

1.785 

0.130 

II 

0 

ii 

2 

None 

1  0.4199695 

-2.2852 

1.785 

0.140 

II 

0 

n 

1 

None 

0  0.4190113 

-5.2270 

1.795 

-0.050 

11 

0 

n 

2 

None 

1  0.4191777 

-5.1264 

1.785 

-0,010 

II 

0 

it 

None 

1 

None  0.4191777 

-4.2434 

1.785 

-0.050 

II 

0 

ii 

None 

1 

None  0.4199695 

-5.9182 

1.785 

-0.010 

II 

0 

n 

2 

None 

1  0.4199695 

-5.0352 

1.758 

-0.050 

» 

0 

it 

1 

None 

0  0.4199193 

-5.1560 

2.445 

0.030 

0 
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TABLE  2-2  (Cone.) 
N20  band  parameters 


Band 

Center 

V 

c 

/  '-U 

(cm  ) 

Vibrational 

Notation 

Opper 

Levels 

_ snersv 

Lower 

(em  ) 

Iso¬ 

tope 

Minimum  J"  value 
in  each  branch 

P  Q  R 

8" 

(cm  l) 

8' -8"  D" 

Multiply  Multiply 
by  E-3  by  E-7 

(cm  *)  (em  *) 

D'-D"  H"  H’-H" 

Multiply  Multiply  Multiply 
by  E-7  by  E-12  by  E-12 

(em  ^ )  (cm  *)  (cm  ^) 

3464.713 

12  2  c  1 

022c0 

1177.750 

446 

3 

None 

2 

0.4201253 

-4.9670 

1.165 

-0.15 

1.17 

0 

ii 

122dl 

2c 

02  c0 

II 

n 

None 

2 

None 

0.4201253 

-4.9670 

1.165 

-0.15 

" 

0 

II 

12  2  c  1 

022d0 

II 

ti 

None 

2 

None 

0.4201253 

-4.9670 

1.795 

0.48 

tl 

0 

.. 

122dl 

022d0 

II 

•i 

3 

None 

2 

0.4201253 

-4.9670 

1.795 

0.48 

It 

0 

3445.921 

20°1 

10°0 

1284.907 

ii 

1 

None 

0 

0.4172563 

-5.140 

1.775 

-0.150 

" 

0 

3443.659 

10°  1 

00°0 

0 

546 

1 

None 

0 

0,40485(4 

-4.980 

1.65 

-0.05 

3430.95* 

10°l 

00°0 

„ 

456 

1 

None 

0 

0.41B982* 

-5.11* 

1.75* 

-0.03* 

3439.1* 

10°1 

00°0 

II 

448 

1 

None 

0 

0.395577* 

-4. B0* 

1.65* 

-0.10* 

3466,57 

06°0 

00°0 

0 

446 

1 

None 

0 

0.4190113 

1.795 

1.17 

0 

3748.252 

22°0 

00°0 

0 

1 

None 

0 

0.4190113 

-2,684 

1.795 

0.60 

1.60 

3747.031 

23lcO 

01lc0 

588.76  7 

.. 

2 

None 

1 

0.4191777 

-3.2584 

1.785 

0.26 

ii 

0 

" 

23ld0 

01lc0 

" 

None 

1 

None 

0.4191777 

- 1 .4964 

1.785 

0.33 

ii 

0 

" 

23U0 

01ld0 

" 

M 

None 

l 

None 

0.4199695 

-4.0502 

1.785 

0.26 

ii 

u 

" 

23ldO 

mldo 

" 

ti 

2 

None 

i 

0.4199695 

-2.2882 

1.785 

0.33 

n 

0 

3620.941 

14°0 

00°0 

0 

.. 

1 

None 

u 

0.4190113 

-0.2240 

1.795 

2.090 

0 

3836.373 

30°0 

00°0 

0 

»» 

1 

None 

0 

0.4190113 

-4.8640 

1.795 

-0.410 

0 

3857.612 

31U0 

01lc0 

588.767 

2 

None 

l 

0.4191777 

-4. B0 74 

1 .785 

-0.16 

0 

n 

31U0 

oilco 

" 

" 

None 

1 

None 

0.4191777 

-3.5064 

1.785 

-0.42 

0 

" 

3llc0 

0lld0 

" 

" 

None 

1 

None 

0.4199695 

-5.5992 

1.785 

-0.16 

0 

31ld0 

0lld0 

" 

2 

None 

1 

0.4199695 

-4.2982 

1.7B5 

-0.42 

'i 

0 

4417.379 

00°2 

00°  0 

0 

ii 

1 

None 

0 

0.4190113 

-6.9X50 

1.795 

-0.030 

ii 

c 

4388.928 

01lc2 

01lc0 

588.767 

•  • 

2 

None 

l 

0.4191777 

-6.B194 

1.785 

0 

ii 

0 

" 

01ld2 

01lc0 

ii 

it 

None 

1 

None 

0,4191777 

-6.0594 

1.785 

" 

it 

0 

" 

01lc2 

01ld0 

” 

n 

None 

1 

None 

0.4199695 

-7.6112 

1,785 

" 

ti 

u 

" 

0lld2 

01ld0 

ii 

ti 

2 

None 

1 

0.4199695 

-6.8512 

1.785 

" 

ii 

0 

4630.  164 

12°1 

00°0 

0 

ii 

1 

None 

0 

0.4190113 

-4.2480 

1.795 

0.680 

ii 

3.0 

4730. B2B 

20°1 

00°0 

0 

•i 

1 

0 

0.4190113 

-6.B950 

1.795 

-0.170 

ii 

4730. 40B 

21lcl 

01lc0 

588.767 

446 

2 

None 

1 

0.4191777 

-6.7464 

1.785 

-0. 110 

ii 

m 

21ldl 

01lc0 

■i 

ii 

None 

1 

None 

0.4191777 

-5.7074 

1.785 

-0.230 

ii 

" 

21lcl 

01ld0 

" 

ii 

None 

1 

None 

0.4199695 

-7.5382 

1.785 

-0.11 

it 

" 

21ldl 

01ld0 

" 

ii 

2 

None 

1 

0.4199695 

-6.4992 

1.7B5 

-0.23 

it 

4977.6^5 

01lc2 

00°0 

0 

ii 

2 

None 

0 

0.4190113 

-6.653 

1.795 

-0.01 

it 

it 

01ld2 

00°  0 

ii 

n 

None 

1 

None 

0.4190113 

-5.B930 

1.795 

-0.01 

ii 

5026.34 

32°0 

00°0 

0 

ii 

1 

None 

0 

0.4190113 

-4.70 

1.795 

0 

5105.65 

40°0 

00°0 

0 

ii 

1 

None 

0 

0.4190113 

-5.B2 

1.795 

0 

" 

Footnotes  and  Referencea  for  Table  2-2 
*  Values  obtained  from  private  communication  with  W.  S.  Benedict, 

(P)  E.  K.  Plyler,  E.  D.  Tidwell  and  A.  G.  Makl,  J,  Research  Nat'a  Bur.  Standards.  6BA,  79  (1964). 

(T)  R.  A.  Toth,  J.  Mol.  Spec.  40,  588  (1971). 

The  only  llnea  whose  intensities  are  atrong  enough  to  consider  in  the  06°0  and  06^0  banda  are  the  R45  and 
P47  and  the  R27  and  P29,  reapeetively.  These  llnea  are  enhanced  due  to  Fermi  interaction  of  the  10°1 
vibrational  level  with  the  06°0  and  06^0  levels.  See  text. 
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SECTION  3 

DATA  ON  THE  1585-4000  cm"1  REGION 


Data  presented  in  this  section  cover  all  of  the  important  ^0  bands 
between  1585  and  4000  cm"-*-.  The  experimental  apparatus  and  procedures 
have  been  described  previously.  Instrument  components  and  gases  were 
employed  for  wavenumber  calibration  as  shown  in  the  following  table  for 
four  different  sub-regions: 


Sub-region 

Grating 

Detector  and 

Calibration 

(cm" 1) 

lines/mm  \,  blaze 

liquid  coolant 

gas 

1585-1800 

150,  6pm 

Ge:Hg  (He) 

h2o 

1800-2200 

150,  6pm 

InSb  (N2) 

h2o 

2200-3250 

300,  3pm 

InSb  (N2) 

co2,n2o,h2o 

3250-4000 

300,  3p.m 

PbS  (freon  13, 

n2o,h2o 

191  K) 


A  CaF2  foreprism  eliminated  overlapping  orders.  In  many  cases  the  N20 
line  positions  had  been  measured  previously  by  various  workers  and  were 
used  for  wavenumber  calibration,  Pliva* s®> 9,10  summary  articles  provide 
the  constants  required  to  calculate  the  positions  of  many  of  the  lines. 
Well-known  lines  of  other  gases  were  used  for  calibration  where  the  N2O 
line  positions  could  not  be  calculated  and  to  check  the  calculated  N„0 
positions.  A  few  energy  levels  for  which  Pliva* s  constants  as  listed  in 
Table  2-2  need  revision  are  noted. 

Several  of  the  figures  presented  below  include  high-resolution  spectra 
from  which  one  can  identify  lines  of  the  main  bands  and  some  of  the  "hot" 
bands  that  arise  from  transitions  between  excited  energy  levels.  In  order 
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to  enhance  the  absorption  by  the  hot  bands,  we  heated  several  of  the 
samples  to  approximately  400K.  Several  figures  represent  high-pressure 
samples  for  which  the  lines  are  broadened  and  the  line  structure  is 
smoothed  so  that  the  observed  transmittance  T  is  approximately  equal  to 
the  true  transmittance  T'.  These  samples  provided  data  on  (-l/u),£i,  T 
and,  in  turn,  the  intensity,  /(-l/u)J^T  dv  of  the  band  systems.  A  spec¬ 
tral  curve  of  (-l/u)  T  was  frequently  obtained  from  a  composite  of  more 
than  one  high-pressure  sample.  A  high-pressure  sample  with  a  small 
absorber  thickness  was  typically  scanned  in  order  to  determine  accurate 
values  for  a  prominant  feature  such  as  a  Q-branch,  whereas  another  high- 
pressure  sample  with  larger  absorber  thickness  provided  data  in  the  wings 
of  the  band.  In  general,  spectra  of  several  high-pressure  samples  with 
different  absorber  thicknesses  were  compared  to  determine  values  of 
(-l/u).LT,  Some  of  the  plots  of  (-l/uX^'T  have  an  expanded  ordinate 
scale  to  show  the  wings  of  the  band  more  accurately. 

Absorption  by  H„0  contaminant  created  a  problem  in  the  spectral  region 
between  approximately  3300  and  3900  cm"*".  Some  H20  remained  in  the 
spectrometer  tank  although  it  was  pumped  on  continuously.  Its  absorp¬ 
tion  could  readily  be  seen  in  the  background  curves  as  well  as  in  the 
high-pressure  samples.  Since  the  spectrometer  tank  was  at  a  low  pressure, 
the  absorption  appeared  as  sharp  lines  on  a  smooth  curve  and  could  be 
accounted  for  easily.  H20  was  also  present  as  a  contaminant  in  both  the 
N„0  and  in  the  N2  used  as  a  broadening  gas;  the  very  strong  1^0  lines 
were  very  evident  in  spectra  of  N20  or  N2  at  1  atm.  The  H20  absorption 
in  high-pressure  samples  could  be  recognized,  but  since  the  lines  were 
pressure  broadened  the  H20  contribution  could  not  be  accounted  for 
accurately. 

We  found  that  much  of  the  H20  in  the  samples  could  be  removed  by  the 
following  procedure.  The  N2  was  cooled  by  passing  it  through  a  coil  of 
copper  tubing  immersed  in  liquid  N2*  The  N20  was  dried  by  freezing  it 
in  a  lecture  bottle  that  was  placed  in  liquid  N2.  The  frozen  N20  was 
then  allowed  to  warm  up  and  evaporate  into  the  sample  cell,  leaving  most 
of  the  H20  trapped  in  the  bottle. 

The  following  discussion  is  limited  to  the  important  and  unusual  features 
of  the  data  in  the  spectral  region  from  1585  to  4000  cm"'*’.  Any  sub-region 
not  discussed  has  no  absorption  of  significance.  Table  2-1  summarizes 
the  bands  in  each  system  and  their  intensities.  Data  on  the  positions 
of  band  centers  and  the  branches  present  in  each  of  the  sub-bands  are 
presented  in  Table  2-2. 

1585-1675  cm"1 

The  main  absorption  band  (00°1<-01'L0)  in  this  region  is  centered  at 
1634.989  cm"^.  Line  structure  in  the  01^1<-02^0  and  01*-0«-02^0  bands 
centered  near  1620.540  and  1630.156  cm-1,  respectively,  was  also  observed 
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in  spectral  curves  not  included  in  this  report.  The  prominant  features  of 
the  main  band  can  be  seen  in  Figs,  3-1  and  3"2,  The  Q-branches  of  the  hot 
bands  can  be  seen,  although  the  one  near  1630  cm"-*-  is  partially  hidden  by 
the  Q-branch  of  the  main  band, 

1695-1795  cm"1 

The  main  absorption  band  (03^0<-00^0)  in  this  region  is  centered  at  1749,058 
cm"1.  The  Q-branches  of  the  04°0«-0110  and  04Z0«-01i0  bands  centered  at 
1733.80  and  1742.38  cm-1,  respectively,  are  also  apparent  in  Figs.  3-3  and 

3-4. 

1820-2100  cm'1 


The  stronsefll  j  fa  so  rp  1 1  Op-  in  this  retail  la  due  U*  the  system  c Onto In log 
lEil  1 1  L0  hand  ceHtuHd  at  1 B30. 268,  cc" 1  Ttur  Q-b ranches  0 i  two  associated 
difference  bunds,  L  7  1 0  nt)d  lJ-'C^-Ql  0  danicrod  flt  la72, 231  am!  1  686 .018 

cm"1  are  prominent  in  the  spectral  curves  of  Figs.  3-5  through  3-8.  Other 
unidentified  features  such  as  the  one  near  1890  cm  may  be  Q-branches  of 
other  difference  bands  or  of  the  rarer  isotopes.  These  band  systems  have 
been  reported  by  Plyler,  Tidwell,  and  Maki,12  but  the  intensities  have  not 
been  determined  previously. 


The  20°CM)110,  211CM)220,  and  2110<-02°0  bands  were  identified  between 

1920  and  2005  cm"1;  their  centers  are  at  1974.571,  1988.197,  and  1997.723 
cm”,  respectively.  The  main  feature  in  this  region  is  the  Q-branch  of 
the  20°0«-0110  band.  Note  that  Av2  is  negative  (-1)  in  this  band  system. 


-1 


The  spectral  region  from  2005-2100  cm  was  examined  to  try  to  locate  the 
noOi.  mOn  1 - 1  omo  ne.i  Some  weak  lines  observed  between  2079 


02  1<-10  0  band  at  2079.067  cm 


w  *•'  *■ w  w  -  ’  -  -  nA 

and  2050  cm"1  in  a  spectrum  of  a  sample  at  373K  with  u  =  3200  x  10 
molecules/cm2  may  be  attributed  to  the  P-branch  of  this  band.  The  absorp- 
tance  at  the  center  of  the  strongest  line  was  approximately  2  percent. 

From  the  equivalent  width  of  the  strongest  lines,  we  determined  that  the 
intensity  of  the  band  could  not  be  greater  than  0.0002  x  10"2U  molecules"1 


cm  cm 


2100-2260  cm 

The  very  strong  band  (00^1«-00^0)  in  this  region  is  centered  at  2223.756  cm 
Figures  3-9  and  3-10  show  high-resolution  transmittance  curves  for  three 
samples  at  relatively  low  pressures  so  that  the  line  structure  is  retained. 
The  influence  of  the  associated  difference  bands  is  apparent.  Figure  3-11 
shows  transmittance  curves  between  2100  and  2380  cm  for  a  variety  of 
high-pressure  samples  with  the  line  structure  smoothed.  The  transmittance 
maximum  near  2322  cm"1  is  at  the  center  of  the  04°0«-00°0  band  which  is 
discussed  below.  Figures  3-13  and  3-14  are  plots  of  transmittance  obtained 
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FIG.  3-1.  Spectral  curves  of  transmittance  from  1585  to  1675  cm  . 
Sample  p  P  L  u 

No.  atm  atm  cm  molecules/cm^ 

338  1.0  8.0  416  103. 7  E  20 

329  0.197  8.0  416  20. 4  E  20 


cm 

CM 
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FIG.  3-9.  Spectral  curves  of  transmittance  between  2165  and  2210  cm 
The  sample  parameters  are  given  in  Fig.  3-11.  Spectral  slitwidth  ^  0. 
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FIG, 


3-10.  Spectral  curves  of  transmittance  between  2210  and  2260  cm"1 
sample  parameters  are  given  in  Fig.  3-11.  Spectral  slitwidth  -=* 0.3  cm'1.' 
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FIG.  3-11.  Spectral  curves  of  transmittance  from  2100  to  2380  cm“l  for  several  samples  at  pressures 
greater  than  7  atm.  Spectral  slitwidth  =* 0.3  cm  The  sample  parameters  for  the  spectra  shown  in 
Figures  3-9,  3-10  and  3-11  are  given  in  the  table  below  the  figure. 


for  pure  samples  elevated  to  368  K  in  order  to  enhance  the  absorption  by 
the  lines  of  the  difference  bands  and  by  lines  in  the  wings  of  the  main 
band  so  that  they  could  be  identified  more  easily. 


2260-2380  cm 

The  primary  absorption  band  (04^0<-00^0)  in  this  region  is  centered  at 
2322.624  cm“^.  The  main  features  can  be  seen  in  Fig.  3-15.  A  few  lines 
near  tne  center  of  the  main  band  belong  to  the  05^0<-01*0  band.  There  was 
no  evidence  of  the  10®l<-02  0  band  whose  center  would  be  at  2312.687  cm"^. 

Figure  3-16  shows  spectral  plots  of  transmittance  from  2308  to  2327  cm-'*' 
at  rather  high  resolution,  0.11  cm"^.  The  lines  due  to  the  05^0<-01^0  can 
easily  be  identified  near  the  center  of  the  main  band,  00^1,  Also,  the 
Q-branch  of  the  difference  band  is  observable  near  2309  cm-^  between  the 
Pl.6  and  P17  lines  of  the  main  band.  The  lines  of  the  difference  band 
near  the  band  center  of  the  main  band  are  isolated  from  the  main  band  and 
were  identified  as  the  R14,  R15,  and  R16  lines  of  the  05 
and  the  R15  of  the  05^c0<-0llc0  sub-band. 


i^Of-Ol^O  sub-band 


lc  lc 

The  R15  05  0<-01  0  line  was  well  isolated  from  the  main  band  so  that  its 

intensity  could  be  measured.  We  found 


S^RIS  05lc0<-01lc0) 


3.5  + 


+  0.4  x  10  ^  molecules  ^  cm' 


2  -1 

•  cm 


From  the 
from  the 


results  given  by  Young^  we  can  determine  the  total  band  intensity 
line  intensity.  S  (OS^Ot-Ol^O)  =  0.34  +  0.04  x  10“20  molecules-* 
cm2  cm"*,  This  value  includes  the  contribution  from  the  4  sub-bands 
05*C(W)1*C0,  05ld0<-0llc0,  05lc0<-01ld0  and  05*d0<-01ld0. 

The  line  positions  for  the  04^0  band  were  calculated  using  Pliva's*^ 
rotational  constants  and  were  compared  to  the  observed  line  positions  that 
were  determined  with  the  use  of  known  positions  of  nearby  CO2  lines.  The 
calculated  positions  of  the  R35  to  R40  lines  of  ^0  deviated  by  as  much  . 
as  0.15  cm"1  from  the  observed  and  the  PI  line  by  approximately  0.08  cm”1. 

We  have  redetermined  the  rotational  constants  and  band  center  for  the 
04^0  and  05*0<-01*0  bands  and  listed  them  in  Tables  2-1  and  2-2.  The  letter 
"C"  in  Fig.  3-16  indicates  positions  of  CO2  lines  that  may  contribute  to 
the  absorption  since  they  are  so  intense  that  a  trace  of  CO2  impurity 
in  the  sample,  or  elsewhere  in  the  optical  path,  can  cause  significant 
absorption.  As  an  example,  the  weak  line  near  2317.2  cm"^  is  the  P36 
line  of  CO2. 

2400-2630  cm'1 

The  strong  absorption  bands,  20^0<-00(3o  and  the  12<3o<-00^0,  are  centered 
at  2563,341  and  2461.998  cm"*-,  respectively.  Figure  3-17  shows  transmittance 
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NO  Sample  No.  iij 


curves  of  both  of  these  band  systems  for  a  pure  sample  of  ^0  at  relatively 
high  resolution.  Each  of  these  band  systems  contain  several  difference 

es  seen  in  the  spectrum, 
lines  of  the  lS^fr-Ol^O, 
id  system  contains  the 
0,  222Q<-0220  and  30°0<-1000. 

The Z- type  doubling  of  the  lines  was  observed  in  the  13^CM)1^0  and 
211(M)110  bands. 


bands  that  contribute  significantly  to  the  featu 
In  the  12®0<-00®0  band  system,  we  have  identified 
14°(W)200  and  1420-0220  bands.  The  20°0<-009o  ba 
following  observable  bands:  21*-0<-01*"0, 


22°0*-02 


Figure  3-18  shows  a  transmittance  curve  for  a  pure  sample  of  ^0  between 
2432  and  2440  cm”  .  The  lines  are  identified  by  the  solid  and  dashed  lines. 
The  strong  lines  are  P27  through  P34  of  the  main  band  (12®CM)0^0) .  The 
weaker  lines  are  P20  through  P29  of  the  13*-c0<-01*-c0  sub-band.  The  P21 
through  P29  lines  arising  from  the  01^0  energy  level  are  not  evident  in 
this  region  since  they  are  nearly  coincident  with  the  lines  of  the  main 
band. 


The  contour  of  the  envelope  of  the  maximum  absorptance  of  the  12^0<-00^0 
lines  has  a  dip  at  lines  P29  and  P30.  This  is  probably  due  to  the  close 
coincidence  of  the  P29  and  P30  lines  of  the  main  band  with  the  P24  and  P25 
lines  of  the  13ld0<-01  °0  sub-band.  The  rest  of  the  lines  of  these  two 
bands  are  separated  more.  However,  in  calculating  line  positions  using 
the  rotational  constants  of  Pliva*-^  the  coincidence  occurs  at  line  P27 
and  P28  of  the  main  band  instead  of  the  P29  and  P30  lines.  The  calculated 
line  positions  are  given  in  the  table  below.  It  seems  probable  that. 
Pliva’s  constants  contain  significant  error  but  were  not  changed  in  the 
parameter  table.  Further  investigation  of  this  is  in  order. 


TABLE  3-1 


CALCULATED  LINE  POSITIONS 


12°0<-0000 

cm"-*- 

13ld0«-01ld0 

cm"*- 

AV°1 
cm  1 

P26 

2439.633 

P21 

2439.593 

0.040 

P27 

38.747 

P22 

38.729 

0.018 

P28 

37.858 

P23 

37.864 

0.006 

P29 

36.968 

P24 

36.998 

0.030 

P30 

36.075 

P25 

36.131 

0.056 

P31 

35.180 

P26 

35.262 

0.082 
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PIG.  3-18.  Spectral  curve  of  transmittance  from  2432  to  2440  cm  for  a  pure  sample  of  N_0; 
p  =  0.0101  atm,  L  =  1648  cm,  0  =  296K  and  u  =  4.14  x  10^  molecules/cm^.  The  calculated 
positions  of  the  lines  due  to  the  12°0«-00o0,  13ic0*-01lc0,  131^0«-011^0,  14°0*-02°0  and 

1420«-0220  transitions  are  indicated.  TheJ^-type  splitting  of  the  1420*-0220  transitions 
ie  not  appreciable  at  these  J  values. 


Figures  3-19  and  3-20  show  curves  of  transmittance  and  (-l/u)^,T  for 
^0  +  N0  samples  at  approximately  6  atm  pressure.  There  was  some  structure 
in  the  original  transmittance  curves  that  was  smoothed  out  before  replot¬ 
ting  the  curve.  The  intensity  of  the  12°0*-00°0  band  system,  33.4  x  10"20 
+  5%  molecules"-*-  cm2  cm"!,  ieSS  than  the  vaiues  42.8  x  10"  2(1  and 
37.6  x  10-2®  molecules"  cm  cm"!  reported  by  Burch  and  Williams12  and 
by  Vincent-Geisse,  respectively.  The  intensity  of  the  20°(M)000  band 
system  is  135  x  10" 2®  +  5%  molecules"!  cm2  cm’!,  whicj,  compares  well  with 
132  x  10"™  molecules"^  cm2  cm  reported  by  Vincent-Geisse.  Burch  and 
Williams  reported  a  larger  value,  163  x  10"20  molecules"1  cm2  cm"1.  In 
view  of  improved  experimental  methods,  we  feel  that  the  values  found  in  the 
present  investigation  are  most  reliable. 

2630-2840  cm'1 


The  main  absorption  band  (OlH-t-OO^O)  is  centered  at  2798.290  cm'1.  We 


also  observed  a  weaker  band  not  shown  in  any  of  the  figures  in  this 
report  and  identified  it  as  the  30®0<-02®0  band  centered  at  2668.24  cm'1. 
Its  intensity  is  approximately  0.003  x  TO"20  molecules’1  cm2  cm’1.  We 
also  looked  for  evidence  of  the  03  0<-10®0  band,  whose  center  would  occur 
at  2646.35  cm’1  but  could  find  none  in  the  spectrum  of  a  sample  of  1  atm 
of  pure  N20  with  a  path  length  of  20  meters. 


The  maig  absorption  features  between  2725  and  2840  cm  1  are  due  to  the 
01  l«-00  0  band  and  its  associated  hot  bands,  02i<-Ol!o  and  0220<-Ol!o, 
centered  at  2798.290,  2775.207  and  2784.370  cm"1,  respectively.  The  Q- 
branches  of  the  three  bands  are  apparent  in  Figs.  3-21  and  3-22.  Tidwell, 
Plvlor  jand  BonocUct15  id^ntifi^d  LTijsse;  bands  welt  as  the  tl 1 1— 10°U , 
O31UW',0f  and  D3:I~OCTjt  bawli  at  2776.06,  3770,39,  2763.124 
flnd  2753.516-  ceTlr  respectively*  ,Tbey_fllJSCi  id  Bn  t  Lf  ted  hands  nf  uome  of 
the  rarer  isotopes  such  as  the  0111<-00U0  bands  of  !4N14N180  centered  at 
2787.2  cm"1  and  the  022l«-0l!0  and  0l!l<-00°0  band  of  14N15N160  centered 
at  2726.5  and  2739.6  cm"1,  respectively. 

The  intensities  of  the  Q-branches  were  measured  from  plots  of  (-l/u)i^t/T 
by  determining  what  portions  of  the  curves  were  due  to  the  P-  and  R-branches, 
and  what  portions  were  due  to  the  Q-branch.  The  intensities  with  +  5% 
uncertainty  were  found  to  be  in  molecules"1  cm2  cm-1: 

SqCOI1!)  =  3.17  x  10'20 
Sq(0221)  =  0.391  x  10"20 

Sq(02°1)  =  0.171  x  10"20 

The  intensities  of  the  Q-branches  are  in  the  expected  proportion  based  on 
simple  theory. 
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p  =  0.333  atm 
P  =  6  atm 
L  =  3.96  cm 
6  =  296  K 

u  =  0.326  E  20  molecules/cm^ 
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FIG.  3-20,  Spectral ^curves  of  transmittance  and  (-l/u).^i|T  from  2490  to 
2640  cm  .  The  sample  parameters  for  the  transmittance  curve 
are  listed  in  the  upper  panel,  p  denotes  the  partial  pressui 
of  NgO  and  P  denotes  the  total  pressure  N„0  +  Ng* 


(^uio  ^_gaTno3Toui)  I^y(n/T-) 
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1SOO  (MVCNUHfiEft  <an"l-)  27M 

FIG.  3-22.  Kpwmt  cunrif  of  (-l/u}j£^T  for  samples  of  N  O  ♦  KL  at  JO  etm,  The  a? roue 
indicate  uhlch  ordinate  scale  to  uac.  *" 


2840-2930  cm"1 


The  aid  In  □bnorpuldu  In  Vtlifi  apcfilrai  region  li  4us<  to  the  lD0!-*]!^  eroas- 
avox  fabiid  csnterKl.ac  2592,05*  cm"1,  Other  banda  arc  OS^-CKM)0*),  liri«-Ci'2°0. 

U  l-02-Oj  00  a-01lLJ  iind  centered  at  2897, 75,  25S3.645,  2854, 2Z9, 

2385,723  nnd  2877.803  era-1,  ru epee, t ivel y .  The  Q- branches  d«e  la  these 
transitions  are  evident  in  Fig.  3-23.  We  measured  the  intensity  of  the 
R-branch, gthe  combination  of  the  P-  and  Q-branches,  and  the  total  intensity 
of  the  10  1«-01  0  band.  The  values  in  molecules"1  cm2  cm"1  are.  as  follows 
with  +  5%  uncertainty: 

SD  =  0.0071  x  10“20 

^  -20 

S  =  0.0238  x  10 

^  -20 

Sv  =  0.0309  x  10 


The  relative  intensities  agree  well  with  those  calculated  by  L.  D.  Gray- 
Young.7  According  to  Young’s  calculations,  the  0-branch  is  expected  to 
have  an  intensity  of  0.016  x  10"20  molecules"1  cm2  cm"1,  which  is  below 
the  limit  for  the  line  parameter  listing.  We  also  made  a  rough  measure¬ 
ment  on  the  Q-branch  of  the  0510  hand  and  found  that  its  intensity  is 
less  than  0.0013  x  10"2^  molecules-1  cm2  cm-1. 

2930-3090  cm-1 

The  main  band  (1310<-00°0)  in  this  region  is  centered  at  3046.213  cm"1. 

The  Q-branches  of  the  associated  difference  bands,  1420<-01I0  and  14°0<-0110 
centered  at  3042.883  and  3032,174  cm  1,  respectively,  are  evident  in 
Fig.  3-24.  These  bands  are  much  too  weak  to  be  included  in  the  line 
parameter  tables^  however,  we  measured  them  to  compare  the  relative 
intensities  with  theoretical  predictions.  The  intensities  with  +  10% 
uncertainty  in  molecules-1  cm2  cm-1  are: 

SQ  (^O^O)  =  0.0060  X  10’20 

SQ  (1420<-0110)  =  0.00077  x  10_2° 

SQ  (14°0<-0110)  =  0.00050  x  10"20 

The  R-branch  of  the  1310<-00^0  band  is  obviously  much  more  intense  than 
the  P-branch.  Therefore,  the  relative  intensities  of  the  lines  cannot 
be  calculated  from  simple  theoretical  equations  that  do  not  account  for 
vibration- rotation  interactions. 

3090-3210  cm"1 


The  prominent  absorption  features  seen  in  Fig.  3-25  in  this  region  are 
due  to  the  21LCMX)U0  and  00°2<-10u0  bands  centered  at  3165.857  and 
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3132.472  cm-1,  respectively.  Also  evident  are  the  Q-branches  of  the 
22^0<-01-*-0  and  220(M)110  bands  centered  at  3177.293  and  3159.485  cm”  , 
respectively. 


The  P-branch  of  the  21  0<~00  0  band  blends  into  the  R-branch  of  the 
00  2<-10®0  crossover  band.  The  contour  of  the  21  0<-00  0  band  is  not 
normal  for  a  IE*-E  band.  The  R-branch  is  enhanced  at  the  expense  of  the 


P-branch,  suggesting  that  a  correction  is  required  to  account  for 
vibration- rotation  interactions.  The  intensity  of  the  P-branch  was 


determined  from  the  transmittance  curves  by  estimating  the  contribution 
by  the  R-branch  of  the  00U2<-10U0  band  and  accounting  for  it.  The  inten' 
sities  of  the  three  branches  in  molecules" 1  cnT  cm"  are: 


0.004  E-20  +  507= 

0.027  E-20  +  107= 

0.012  E-20  +  107=. 

High  resolution  spectra  of  this  region,  which  contains  the  02^1  band 
system,  are  shown  in  Fig.  3-26.  Spectra  of  3  samples  at  the  same 
equivalent  pressure  appear  in  Fig.  3-28,  By  the  use  of  the  line  positions 
given  by  Tidwell,  Plyler  and  Benedict,15  it  was  possible  to  identify 
lines  due  to  the  transitions  02®1*-00®0  03  l<-01lc0,  03ldl*-01id0, 

04°&t-02°0  and  0420<-0220. 


Sp(211(h-0000)  = 

S  (2110<-00°0)  = 

R  1  0 
SQ(2lV-00  0)  = 

3210-3405  cm"1 


Extra  care  was  taken  to  remove  most  of  the  residual  HgO  from  the  samples. 
No  attempt  was  made  to  account  for  the  remaining  ^0  absorption  in  the 
main  part  of  the  NnO  bands.  Corrections  were  made  in  the  region  between 
the  bands  where  ^0  absorption  was  obvious. 

3405-3520  cm"1 


The  10  1  band  system,  which  occurs  in  this  spectral  region,  is  the 
strongest  between  3300  and  4000  cm"1.  The  lines  due  to  several  sub-bands 
can  be  observed  in  Fig.  3-29.  Included  are  the  lllcl«-01  c0,  llldl<-01  d0, 

rv  I  1  r>  _  rv  rt  i  hJ  A  A  •  ' 


04°l«-02°0. 


142dl<-022d0  and  20®1*-10®0  sub-bands  in  addition 


\J>-f  L.  U  •  U  L.  y  XT  Vt.  W  UUU  X.  XV  UUU  UUUUU  XU  UUUXbXVk 

to  the  10^1<-00®0  bands  of  the  isotopes  1<^N15N1^0  and  15N1^N1^0.  Figure 
3-30  shows  a  spectrum  of  a  high-pressure  sample  and  a  plot  of  (-l/u),^.<T 
for  the  same  sample  with  the  structure  smoothed  out.  The  structure  in 
the  P-branch  was  not  completely  smoothed  out  by  the  pressure  broadening. 


We  used  pre-mixed  samples  of  2.197=  and  4%  ^0  in  ^  at  a  total  pressure 
of  7.8  atm  to  measure  the  intensity  of  the  band  system.  The  sample  cell 
length  was  3.96  cm.  Values  of  (-l/u).^i/T  for  the  two  samples  compared 


very  well.  Spectral  curves  representing  3  samples  of  different  absorber 
thickness  at  the  same  equivalent  pressure  are  shown  in  Fig.  3-31. 
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FIG.  3-27.  Spectral  curves  of  transmittance  and  (-l/u)fnT  from  3240  to  3410  cm'1.  Sample  277,  p  =  6atm,  P  =  6atm,  L  =  3.96cm, 
u  =  6.07  E20  molecules/cm2,  spectral  slitwidth  =  0. 75  cm'1. 


30NW1IWSNV81 
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The  R45  and  P47  lines  of  the  06°0  band  were  observed  by  Tidwell  et  al 
and  by  Toth 6  and  found  to  have  anomalously  high  intensities.  Toth 
also  observed  some  lines  due  to  the  forbidden  band  06^0.  The  rotational 
levels  J'  =  46  for  the  06^0  and  10^1  vibrational  levels  are  close  enough 
together  that  Fermi- interaction  becomes  important  With  the  result  that 
the  intensities  of  the  R45  and  P47  lines  of  the  06u0  band  are  enhanced 
and  the  positions  are  shifted.  The  rotational  lines  R27  and  P29  of  the 
0620  are  also  enhanced  and  shifted  due  to  the  Fermi  interaction  of  the 
J*  =  28  rotational  level  of  the  06  u  and  10^1  vibrational  levels*  The 
intensities  of  the  remainder  of  the  lines  of  the  06u0  and  06^0  bands 
are  much  less  than  our  limit  (0.004  E-20  molecules”!  cra2  cm-l)  for  in¬ 
clusion  in  the  line  parameter  listing. 

The  values  of  the  perturbed  line  positions  and  intensities  as  determined 
from  Toth  and  Tidwell  et  al  are  given  in  the  table  below. 


TABLE  3-2 


PERTURBED  INTENSITIES  AND  POSITIONS 
OF  LINES  OF  1.0°1,  06°0  and  0620  BANDS 


molecules 


-1 


2  -1 

cm  cm 


Line 

Band 

cm--*- 

Multiply  by  E-20 

R45 

10°1 

3508.028 

0.0225 

+  0.007 

R45 

06°0 

3508.184 

0.042 

+  0.0012 

P47 

10°1 

3430.230 

P47 

06°0 

3430.400 

R27 

10°1 

3500.040 

1.89 

+  0.07 

R27 

0620 

3500.110 

0.021 

+  0.001 

P29 

10°1 

3452.316 

P29 

0620 

3452.386 

3520-3670  cm 


-1 


Figures  3-32,  3-33  and  3-34  show  spectral  plots  of  transmittance  and  of 
(-l/u)Z^  T  for  this  spectral  region  which  contains  the  14^0  band  system. 
The  original  transmittance  curve  of  the  sample  shown  in  Fig.  3-33  had 
some  obvious  low-pressure  1^0  lines  that  were  removed  before  replotting 
it.  However,  some  additional  absorption  by  ^0  in  the  sample  probably 
exists  near  3683  cm”-*-.  We  did  not  correct  the  curve  for  this  absorption. 
A  band  (20°l<-02°0)  near  3562  was  identified  but  too  weak  to  be  included 
in  the  line  parameter  tables  and  not  shown  in  any  of  the  figures. 
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FIG.  3-33.  Spectral  curves  of  transmittance  and  t-l/u)  £nT  from  3545  to  3710  cm'1.  Sample  273,  p  ■  0.414  atm, 
P  =  9. 97  atm,  L=  826cm,  u  =  85  E20  molecules/cm2,  spectral  slitwidlh  =  0. 5  cm'V 


3670-3790  cm 


-1 


Figure  3-35  shows  a  spectralscan  of  this  region  obtained  with  about 
cm  ^  spectral  slitwidth.  Some  of  the  lines  due  to  the  main  band, 

22  0,  and  the  23  0«-01  0  band  are  evident.  Figure  3-34  shows  spectral 
scans  of  3  samples  for  this  region.  In  the  original  spectra  there  were 
several  lines  that  were  not  completely  smoothed  out  in  the  P-branch  of 
this  band,  even  at  1.38  cm"l  spectral  slitwidth.  The  residual  structure 
was  smoothed  by  hand.  Some  large  variations  in  the  transmittance  in 
the  R-branch  may  be  due  to  l^O.  We  did  not  remove  these  because  of 
the  uncertainty  of  their  source.  There  is  evidence  that  not  all  of 
the  structure  is  due  to  H2O. 


3790-4000  cm 


-1 


A  high  resolution  spectrum  of  the  main  band,  30°0,  is  shown  in  Fig.  3-37. 
The  wide  variation  in  amplitude  of  the  curves  between  3870  and  3883  cm-1 
results  from  lines  of  the  difference  bands  getting  in  and  out  of  phase 
with  lines  of  the  main  band.  Figure  3-36  shows  a  spectrum  for  a  sample 
at  6  atm.  Values  of  (-l/u)i^T  based  on  this  sample  compared  well  with 
those  from  an  8  atm  sample  and  a  4  atm  sample.  The  intensity  of  the 
band  system  is  8.15  +  0,4  x  10" ^0  cm-l  molecules”^  cm^.  Two  other  bands, 
40  0<-02  0  and  03 -*-1  near  3937  and  3931  cm"^  were  identified  but  they  were 
too  weak  to  include  in  the  tables. 


3-44 


SECTION  4 

DATA  ON  THE  530-750  cm"1  REGION 


The  spectral  region  from  530  to  750  cm-1  was  investigated  by  using  a 
Ge:Cu  detector  cooled  to  liquid  helium  temperature.  A  40  line  per  mm 
grating  blazed  at  22.5  pm  was  used  from  530  to  650  cm"  and  a  75  line 
per  mm  grating  blazed  at  12  pm  from  650  to  750  cm"  .  A  KBr  foreprism 
eliminated  overlapping  orders.  Representative  spectral  curves  for  the 
samples  studied  are  shown  in  Figs.  4-1  through  4-4. 

Figure  4-1  shows  spectral  curves  of  transmittance  between  530  and  650  cm"1 
for  four  N20  samples.  The  N20  +  N2  represented  by  the  lower  panel  were 
mixed  in  a  mix  tank  before  being  introduced  into  the  sample  cell  to  a 
total  pressure  of  6  atm.  The  backgrounds  were  determined  and  carefully 
checked  for  consistency  with  other  samples  before  the  spectra  were  digi¬ 
tized  and  the  band  intensity  was  determined. 

The  Q-branches  of  the  011(k-00°0,  02°0<-0110  and  0220«-0110  bands  appear 

near  their  centers  at  588,767.  579.367  and  588,983  cm  ,  respectively. 

The  Q-branches  of  the  011(M)000  and  022CM)li0  bands  are  nearly  coincident 
and  appear  as  a  single  feature.  The  Q-branch  of  the  02®0<-01*-0  band  is 
easily  recognized.  Other  features  result  from  the  03J‘0<-02%  and  03  0<-0220 
bands  centered  at  580.924  and  571.308  cm-1  and  from  the  0110<-00°0  bands 
of  the  546  and  456  isotopes  centered  at  585.320  and  575.5  cm"1,  respectively. 

The  intensity  of  the  system  was  measured  to  be  118  +  9  E-20  molecules  1 
cm2  cm"1,  which  compares  quite  well  with  112  +  15  E-20  obtained  by  Burch  and 
Williams.  Sample  No.  359  was^used  to  determine  the  combined  intensities 
(55.7i*6  E-20  molecules"1  cm2  cm"1)  of  the  Q-branches  of  the  0110<-0000 
and  02^0<-0110  bands. 
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The  upper  panel  of  Fig.  4-1  shows  a  transmittance  curve  for  a  sample  at 
lower  pressure  such  that  much  of  the  structure  is  apparent.  The  cali¬ 
bration  of  this  spectral  region  was  obtained  using  known  values  of  C0o, 

N00  and  H20. absorption  lines  as  reported  by  Gordon  et  al,17  Lakshmi  et  al  18 
and  Blaine  et  al,  19  respectively,  * 


Figure  4-2  shows  spectral  curves  of  (-l/u).^T  for  this  spectral  region; 
two  different  ordinate  scales  are  used  to  show  more  detail.  Transmittance 
curves  from  650  to  750  cm"-*-  are  shown  in  Fig.  4-3  for  3  N2O  samples.  The 
three  prominent  features  are  due  to  the  lO^O^l^O,  ll*-0<-02®0  and  ll-*-0<-02^0 
bands  centered  at  696.140,  712.134  and  702.518  cm"-*-,  respectively. 


The  lower  panel  shows  representative  transmittance  curves  from  which  the 
intensity  was  determined.  The  pressures  of  the  samples  were  high  enough 
that  the  line  structure  was  smoothed  out.  The  backgrounds  were  determined 


by  comparing  with  other  spectral  curves  for  consistency.  A  small  amount 
of  absorption  near  670  cm"*-  by  some  residual  CO2  contaminant  in  the  sam¬ 
ple  was  accounted  for.  The  intensity  of  the  system  was  determined  to  be 
0.354  +  0.02  E-20  molecules-*-  cm**  cm-*-. 


Known  published  valued*-7*  21  0f  qq  iine  positions  were  used  to 
calibrate  this  spectral  region. 
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TRANSMITTANCE 


650 

600 

WAVENUMBER  (cm'1) 

550 

FIG.  4-1,  Spectral  curves  of  transmittance 

from  530 

to  650 

cm  ^  for  4  N_0  samples. 

Sample 

P 

P 

L 

u 

Slitwidth 

No. 

atm 

atm 

cm 

molecules/cm^ 

cm"^ 

363 

0.72 

6 

3.96 

0.707  E20 

.5 

370 

0.24 

6 

3,96 

0.236  E20 

.5 

359 

0.03 

6 

3.96 

0.0295  E20 

.5 

373 

0.395 

0.395 

3.96 

0.309  E20 

.5 
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FIG.  <4-3. 


Spectral  curves  of 


transmittance  from  650  to  755  cm'1  for  3  NjO  samples. 


Sample  p  p 

No.  atm  atm 

342  J.  8 

343  0.263  8 

345  0.335  0.335 


cm  molecules/cm^ 

416  103.2  E20 
416  27.1  E20 
1237  101.8  E20 


Slitwldth 

cm*1 

0.56 

0.56 

0.38 


in  2-'  r - 1 - t — - 1 - 1 - r - f - 1 - p - -i — - 1 - iWf-J! 


(2®  T_99inaa7om)  I^n/T.) 
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APPENDIX  A 


ABSTRACTS  AND  ERRATA  FROM  FORMER  REPORTS 


This  appendix  contains  abstracts  and  errata  for  all  of  the  reports  pub¬ 
lished  on  the  present  contract  (No.  F19628-69-C-0263,  Project  No.  5130). 

U-4784  "Semi-Annual  Technical  Report,  Investigation  of  the  Absorption 
of  Infrared  Radiation  by  Atmospheric  Gases,"  January  1970. 

The  continuum  absorption  by  between  800  and  1250  cm  ^  and  by  CO2  from 
780  to  900  cm“l  has  been  measured.  The  continuum  results  from  the  extreme 
wings  of  very  strong  absorption  lines  centered  outside  the  800-1250  cm-1 
interval.  Experimental  results  are  compared  with  calculated  values  based 
on  various  line  shapes.  The  extreme  wings  of  ^-broadened  BL^O  lines  pro¬ 
duce  less  than  0.005  as  much  continuum  absorption  as  self-broadened  H2O 
lines  at  the  same  pressure.  Self-broadened  H2O  lines  absorb  more  than 
Lorentz-shaped  lines,  but  the  wings  of  self-broadened  lines  absorb 
only  approximately  0.01  as  much  in  the  780-900  cm"l  region  as  if  they  had 
the  Loren tz  shape.  The  shapes  of  the^ wings  of  the  C09  lines  which  produce 

near  2400  cm-'*' 
methods  for 
are  given. 

"C8  (molecules-1  cm^)"  not  Cg  (mol-i  cm^  atm-1). 


the  continuum  between  780  and  900  cm-1  are  similar  to  those 
for  both  self-broadening  and  Ng  broadening.  Suggestions  on 
using  the  results  for  atmospheric  transmission  calculations 

Errata  -  Figure  3-2,  pg  3-4.  Ordinate  scale  should  read 


A-l 


U-4829  "Semi-Annual  Technical  Report,  Investigation  of  the  Absorption  of 
Infrared  Radiation  by  Atmospheric  Gases,"  June  1970. 

From  spectral  transmittance  curves  of  very  large  samples  of  CO2,  we  have 
determined  coefficients  for  intrinsic  absorption  and  pressure- induced  absorp¬ 
tion  from  approximately  1130  cm'1  to  1835  cm'1.  Most  of  the  pres  sure- induced 
absorption  arises  from  the  forbidden  and  2v^  bands  of  the  0  C  0 
molecule,  and  the  major  portion  of  the  intrinsic  absorption  arises  from 
the  same  bands  of  the  01&C12018  molecule.  Curves  of  the  absorption  coef¬ 
ficients  for  samples  of  C02  pressurized  to  approximately  10  atm,  or  more, 
with  He  are  presented  throughout  most  of  the  region  from  1885  cm'  to 
2132  cm"1.  These  curves  and  a  table  of  the  integrated  absorption  coefficient 
are  adequate  to  determine  the  strengths  of  most  of  the  bands  of  significance 
in  this  region.  Spectral  transmittance  curves  of  C02  absorption  between 
approximately  2065  cm  1  and  2100  cm  1  are  presented  for  a  variety  of  samples. 
Curves  of  the  pressure- induced  absorption  by  N2  are  presented  for  the  2400- 
2650  cm'1  region. 

Errata  -  Figure  4-3,  pg  4-5.  The  feature  in  the  curve  near  1942  cm  1  is 
probably  due  to  H,,0  that  appeared  as  an  impurity  in  the  CO,,  sample. 

Table  4-1,  pg  4-2.  The  heading  for  the  second  column  should  read 
"-1/u  \JU  T(v)dv,"  not  "-1/u/  T(v)dv." 


U-4897  "Semi-Annual  Technical  Report,  Investigation  of  the  Absorption  of 
Infrared  Radiation  by  Atmospheric  Gases:  Water,  Nitrogen,  Nitrous  Oxide,' 
January  1971. 

The  continuum  absorption  by  H20  between  2400  and  2820  cm  and  by  N2  between 
2400  and  2650  cm'1  has  been  measured.  The  H20  data  cover  the  temperature 
range  from  338K  to  428K  and  are  primarily  for  pure  H20.  A  few  preliminary 
results  for  H20  +  N2  mixtures  are  discussed.  Calculated  values  of  the 
continuum-absorption  coefficient  are  compared  with  the  experimental  results. 
From  absorption  data  on  samples  of  pure  N2  and  of  N2  +  02  at  different  tem¬ 
peratures,  the  attenuation  by  atmospheric  N2  has  been  calculated  for  a 
range  of  temperatures  encountered  in  the  atmosphere.  The  strengths  of 
several  N20  bands  between  1100  and  660  cm"1  have  been  measured  and  are 
tabulated. 

Errata  -  Page  3-6  in  legend.  Lower  case  p  should  be  upper  case  P. 
([-^T]/p2L)  should  be  ([  -  T]  /P2L)  . 

Page  2-9,  line  14.  "25-50  cm  should  be  "250-500  cm  1." 

Page  2-9,  the  line  above  Eq.  (2-1).  Cross  out  "1000  cm-1  and." 


U-4943  "Semi-Annual  Technical  Report  No.  3,  Investigation  of  the  Absorp¬ 
tion  of  Infrared  Radiation  by  Nitrous  Oxide  from  4000  to  6700  cm 
(2.5  to  1.5  pm),"  June  1971. 

All  of  the  ^0  bands  expected  to  absorb  significantly  between  4000  and 
6700  cm”  have  been  listed,  and  the  strengths  of  several  of  the  stronger 
bands  have  been  determined.  Spectral  curves  are  shown  for  samples  at 
low  pressure  so  that  the  line  structure  remains  and  for  samples  at  approxi¬ 
mately  15  atm  with  the  structure  smoothed  out.  The  amount  of  absorption 
between  6600  and  6650  cm”*-  on  the  high  wavenumber  side  of  the  head  of  the 
00°3  band  indicates  that  the  extreme  wings  of  the  lines  absorb  less  than 
Lorentz-shaped  lines  with  the  same  strengths  and  widths. 

U-4995  "Semi-Annual  Technical  Report,  Investigation  of  the  Absorption  of 
Infrared  Radiation  by  Nitrous  Oxide  from  760  to  2380  cm”-*-  (13.2  to  4.2  pm)," 
December  1971. 

Experimental  data  are  presented  on  the  absorption  by  a  variety  of  N2O 
samples  between  760  and  2380  cm"*-.  Most  of  the  absorption  between  760 
and  850  cm”*-  is  due  to  extreme  wings  of  lines  centered  outside  the  interval. 
Strengths  of  the  important  band  systems  are  given.  Curves  of  transmittance 
and  tables  of  integrated  absorptance  and  the  integrated  absorption  coef¬ 
ficient  provided  detailed  information  on  the  absorption.  The  objective  of 
the  study  is  to  provide  the  data  required  to  determine  the  parameters  of 
all  N20  absorption  lines  that  absorb  significantly  over  any  atmospheric 
path  of  interest. 

Errata  -  Page  2-5,  second  line  from  botoom.  "fpr"  should  read  "for." 
Document  Control  Data,  last  page,  title  should  read  "13.2"  not  "13.1." 
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